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ABSTRACT 
ABSTRACT 
Almost no city today can be said to be free from 
pollution. Nitrogen dioxide is one of the five major types of 
pollutants which are accounting for nearly 98% of the air 
pollution of our surrounding. This toxic gas is formed by the 
action of high temperature of the atmosphere and its presence 
has been reported in Siltfs filled with green crops, 
agricultural field, kitchen of houses with electric, gas or 
kerosene cookers, cigarette and tobacco smoke and in many 
industrial areas. However, automobiles fuel releases the 
greatest amount of nitrogen dioxide into the atmosphere. 
Therefore, the rise in pollution due to industrial and 
automobile fuel containing nitrogen compounds (particularly 
nitrogen dioxide) into the surroundings and its biological 
effects deserve more attention. 
To evaluate the biochemical and neurochemical action of 
nitrogen dioxide as a pollutant in blood and central nervous 
system of guinea pigs. Experiments were performed in 
especially designed dynamic exposure chamber in our 
laboratory. Nitrogen dioxide was continously introduced into 
the exposure chamber, by a constant air stream. Three groups 
of animals were treated by exposure to the contaminated 
atmosphere of nitrogen dioxide at different concentrations 
(2.5, 5 and 10 ppm), in order to examine the effect of 
nitrogen dioxide at the doses, below, above and at Threshold 
Limit Values (TLV) level of nitrogen dioxide against control 
group recieving clean room air. 
Guinea pigs v^ ere sacrified after 35 days of exposure, 
The brain and spinal cord were removed rapidly and dissected 
out into cerebral hemisphere, cerebellum, mid brain and 
spina] cord. Moreover, blood of the animals was collected in 
dry and clean test tubes and serum was separated. 
Furthermore, blood and different parts of brain and spinal 
cord were processed for additional assays, i.e. extraction of 
lipids, isolation of myelin and plasma memibrane, estimation 
of total lipids, esterified fatty acids, free fatty acids, 
triglycerides, cholesterol, phospholipids, gangliosides, rate 
of lipid peroxidation, lipase activity, and estimation of 
sulfhydryl groups (total and free sulfhydryl groups) 
according to the methods of ; Folch et al. (1951), Farooqui 
et al. (1985), Woodman and Price (1972), Stren and Shapiro 
(1953), Mosinger (1965), Fletcher (1968), Henly (1957), 
Pollet et al. (1978), Utely et al. (1967), Tietz and Fiereck 
(1966) and Sedlak and Lindsay (1968) respectively. Moreover, 
protein bound sulfhydryl groups were determined from total 
and free sulfhydryl groups and, ratio of cholesterol to 
phospholipids was also found out. Furthermore, Thin Layer 
Chromatography (TLC) was performed according to the method of 
Storry and Tuckley (1967), to determine free fatty acids, 
1 1 
t rig]ycer i(ies, cholesterol, and phospholipids levels of 
different CKS region. 
Findings: 
i) Behavioural observations: 
Animals exposed to nitrogen dioxide exhibited 
behavioural abnormalities such as body circling, 
hyperactivity, head twitching and erection of halt. 
Furthermore, it was noted that, their food intake was 
diminished as compared with control group. Accordingly, their 
body weight decreased with increasing nitrogen dioxide 
concent rat ion. 
ii) Organ V/eight: 
At ^ and 30 ppn, nitrogen dioxide exposure, significant 
increment in the lung wet weight occurred. On the other hand, 
size and weight of the spleen was found to be increased 
significantly at 10 ppm nitrogen dioxide exposure. No 
significant changes occurred in the brain, liver and kidney 
wet weight in experimental groups at 2.5, 5 and 10 ppm 
nitrogen dioxie inhalation as compared with control group. 
The rate of mortality was found to be increased with 
increasing the concentrations of nitrogen dioxide. There was 
14.3% mortality at 10 ppm NO2 exposure. VJhereas no n.ortality 
was observed at 2.5 or 5 ppm nitrogen dioxide exposure. 
Ill 
iii) Serum Lipid Profiles: 
At 5 ppni nitrogen dioxide inhalation significant 
depletion occurred in level of serum total lipids, 
cholesterol and phospholipids. However, when the 
concentration of nitrogen dioxide increased to 10 ppm, 
significant depletion was observed in the levels of serum 
total lipids, triglycerides, cholesterol, phospholipids and 
C/P ratio. Furthermore, lipoprotein lipase activity showed 
significant enhancement at both the dose levels (i.e. 5 and 
10 ppm) of nitrogen dioxide inhalation. 
iv) Central Nervous System Lipid Profiles: 
2.5 ppm nitorgen dioxide exposure produced an 
insignificant depeletion of total lipids, esterified fatty 
acids in cerebral hemisphere, cerebellum, mid brain and 
spinal cord. Free fatty acids, triglycerides, cholesterol, 
and phospholipid content were also insignificantly decreased 
in cerebral hemisphere, cerebellum and mid brain. But, they 
were insignificantly increased in the spinal cord. However 
gangliosides level insignificantly increased in all of the 
aformentioned CNS regions. Furthermore, insignificant 
enhancements were noted in rate of lipid peroxidation, and 
free sulfhydryl groups in all the regions. Whereas, total 
sulfhydryl and protein bound sulfhydryl groups 
insignificantly decreased in the above mentioned brain 
regions. 
IV 
At 5 ppin nitrogen dioxide inhalation, significant 
decrement occurred in the content of total lipids, 
phospholipids, in cerebral hemisphere, cerebellum, mid brain 
and spinal cord, v/hereas, significant increment was noted in 
yangliosides level in all the regions studied except spinal 
cord. Cholesterol and C/P ratio in spinal cord also showed 
significant enhancement. However, lipase activity, rate of 
lipid peroxidation and free sulfhydryl groups (Gluthathione) 
showed significant increase in all the aformentioned regions. 
At this dose (5 ppm) no significant change occurred in 
levels of esterified fatty acids, and total sulfhydryl groups 
in cerebral hemisphere, cerebellum, mid brain and spinal 
cord; free fatty acids and triglycerides in cerebral 
hemisphere, mid brain and spinal cord; cholesterol in 
cerebellum; C/P ratio in cerebral hemisphere, and mid brain; 
gangliosides in mid brain and free sulfhydryl groups in the 
ce rebellum. 
Moreover, as the concentration of nitrogen dioxide 
increased to 10 ppm, dose-dependent significant decrement was 
observed in the level of total lipid in cerebral hemisphere, 
cerebellum,, mid brain and spinal cord,; esterified fatty 
acids in cerebral hemisphere, cerebellum and mid brain; free 
fatty acids in cerebellum and mid brain; triglycerides in 
cerebral hemisphere, and cerebellum; cholesterol in cerebral 
hemisphere, cerebllum and mid brain; and phospholipids in 
V 
cerebral hemisphere, cerebellum, mid brain and spinal cord. 
On the other hand, significant increment occurred in 
yangJiosides level in all aformentioned CNS regions. Also, 
free fatty acids, triglycerides, cholesterol and C/P ratio 
showed significant increment in spinal cord. Furthermore, 
significant enhancement occurred in lipase activity, rate of 
lipid peroxidation and free sulfhydryl groups (gluthathione) 
in cerebral hemisphere, cerebellum, mid brain and spinal 
cord. On the other hand, significant depletion was observed 
in the level of total sulfhydryl and protein bound sulfhydryl 
groups in all the abovementioned CNS regions. 
v) Lipids in isolated myelin and plasma membrane fraction: 
At 5 and 10 ppm nitrogen dioxide exposure, significant 
decrement occurred in level of total lipids and 
phospholipids in isolated myelin and plasma membrane fraction 
of cereb^ral hemisphere, cerebellum mid brain and spinal 
cord. Moreover, the cholesterol level shows significant 
decrement in myelin and plasma membrane of cerebral 
hemisphere, cerebellum and mid brain. Interestingly, 
cholesterol contents significantly increased in myelin (at 
both the doses) and plasma membrane at 10 ppm NO2 inhalation. 
Nitrogen dioxide (5 ppm) exposure produced an 
insignificant decremient of C/P ratio in isolated myelin and 
plasma membrane fraction of cerebral hemisphere, cerebellum 
VI 
and mid brain. However, as the concentration of nitrogen 
dioxidf increased to 10 ppm, dose-dependent significant 
decrenents occurred in the C/P ratio in cerebral hemisphere, 
cerebellum and mid brain. V7hereas significant increment was 
observed at both the doses (5 and 10 ppm) in myelin and 
plasma membrane cholesterol content of spinal cord. On the 
other hand, dose-dependent significant increment in the level 
of gangliosides in isolated myelin and plasma membrane 
fraction of aforementioned CNS region occurred. 
vi) Thin Layer Chromatography: 
Simple lipid classes were separated by TLC on silica 
gel G (in a single cJimension). Lipid mixtures prepared from 
guinea pigs CNS were dissolved in chloroform - methanol 
(2:l;v/v) and 500 /Jg volume of that was applied to TLC plate 
(10 X 20 cm), and plates were run in solvent system. Hexane: 
diethyl ether: acetic acid (80:20:1). Tentative 
identification of lipid fractions was visualized with iodine 
vapour. Further, identification was accomplished by 
comparision with pure reference compounds. Four to five 
iodine positive spots were observed between origin and the 
solvent front. In this way, the spots were characterized as 
pospholipid, mono and diglycaride, cholesterol, free fatty 
acids and triglyceride. 
Determination of lipids fractions by TLC was performed 
to find out the effect of nitrogen dioxide on the different 
V l l 
lipid fractions of guinea pigs and compared with direct 
chemical analysis at tv/o different dose (5 and 10 ppmi) . Tie 
results showed 'percentage change decrease' as compared with 
direct chemicaJ analysis, in all brain regions studied. 
The findings of the present investigation clearly 
indicate that nitrogen dioxide inhalation induces degradation 
of CNS lipids. This is supported by the increment in the rate 
of lipid peroxidation, lipase activity, and free sulfhydryl 
groups (gluthathione) and decren^ent in the level of totul 
sulfhydryl and protein bound sulfhydryl groups in ditfernt 
regions of the guinea pig CNS. Also the present observations, 
clearly indicated that 5 and 10 ppm nitrogen dioxide exposure 
caused degradation of isolated myelin and plasma membrane 
fraction, total lipids, cholesterol, phospholipids and 
yangliosides as wel] as choleste rol-phosphol ipids ratio (cjt 
10 ppm) in ceret)ral hemisphere, cerebellum, mid Lirain ^AULI 
spinal cord. Changes in concentration of phospholipids, 
cholesterol and gangliosides (particularly C/P ratio) in 
isolated myelin and plasma membrane fractions are sufficient 
to produce significant perturbations in membrane structure 
and dynamics. Such perturbations could alter activities of 
membrane enzymes and influence both the active and passive 
permeability characteristics of the myelin and plas[,a 
membranes. It is clear that peroxidation of endogneous lipicis 
has been enhanced by NO2. Interestingly, the lipid contents 
V i i l 
are influenced differentially in various parts of the CNS. 
Rec|ional liote roc/ne ity is apparent in the concentration of 
lipids in different CNS regions as well. 
3nlroluiflion 
1.0.0 INTRODUCTION 
In the thirteenth century, periodic efforts were fade 
to forbicJ tne hurniruj of coa] in London, but on the whole mar. 
resigned hirnself to the acceptance of a polluted atmosphere 
as a part of urban life. Industrialization and technological 
developments added a second dimension to the pollution of tht 
atmosphere. Power plants burned fossil fuel to generate 
electricity, to light homes and to operate machines. Steel 
m.ills grew up along river banks and lake shores. Oil 
refineries rosi in port cities or near oil fields. Smelters, 
roasted and refined metals in areas near great mineral 
deposits. The automobile thus came to add a third dimension 
to the pollution of the atmosphere (Stern, 1976; Amdur, 
1986). "Sm.og" is really an old word, coined to describe the 
mixture of smoke and fog that hung over polluted cities like, 
London, Los Angeles, Tehran, Calcutta, Bombay, etc. 
1.1.0 Main Sources of Air Pollution: 
Five major sources account for more than 90'J oi thu 
tons of [)clluted n.aterial that are emitted annually. lliesc 
are transportation (60%), industries (18%), electric pewei 
generation (13%) space heating (16%) and refuse disposal 
(3%). These liguies would Lie subject to wide voriut i oi 
depending on local sources of pollution. They do emphasize 
the importance of the automobile, as a major source. 
1.2.0 Types of Air Pollutants 
Generdilly, Carbon n'onoxide (52%), Sulfur oxides (18%), 
Hydrocarbons (12%), Particulate matter (10%) and Nitrogen 
oxides (6%), account for nearly 98% of the air pollution. In 
individual localities the figures could vary widely. In areas 
where the autopobile is the main source of pollution, carlion 
niui'o>icle, iiy dii cica r bons, and oxides of nitrogen would be 
higher thdu intijcated (Airdur, 1986). On the basis of origin, 
air pollutants are classified as primary and secondary in 
quality. Primar^j pollutants are those which are emitted into 
the atmosphere as a consequence of a process. While, 
secondary pollutants dre formed as products of some reaction; 
generally, an existing pollutant reacts with some othoi 
substcMicei ii. the atmosphere (Zuzik, 1971). 
1.3.0 Gaseous Pollutants 
Alm.ost all gaseous pollutants in the environment arise 
from two sources; viz, combustion of fuels and the handling 
and processing of chemical manufacture but related 
activities, such as refineries, smelting of ores, and various 
solvent handling activities (Faith, 1959). 
The most conmion cjaseous materials which escape into thtj 
air aro; Oxides of Nitrogen, Carbon dioxide, nydtoge.'i 
sulfide, Sulfur dioxide. Hydrocarbons and their derivatives. 
Tabic :JC . J.-l sliows sources and effects of some ga;. eou. 
pollutant.- .)i. living organisn.s (Das and Chatter jee, 1988; 
P.o.m and Pcrkiidn, 1983, Blatnik, 1971). 
1.4.0 Pollutant Concentration 
Tne ar cunt of jaseous pollutants contained in air nias; 
is given L;, t.'.e concentration in part per million (ppm) a: 
the raLic of partial volume (Cy) of pollutant gas to tht 
[artjal '/euuiie uf air. The other most valuable parameter ii 
the [jarLicle material per unit volume of mixture, (Crawl ord, 
1980). The l.S. Lnvi ronniental Protection Agency uses Units oi 
Microgrars per Cubic Meter (ug/ m-^ ) , noting that one ppm is 
1,880 ug/m" under standard ambient conditions. 
1.5.0 The Life Time of Some Pollutants: 
MJjdLoa^r' dioxide: the average life time of nitrogen 
dioxide is only about tv/o months, because it is readil;^ 
washed down ai nitrate by rain and snow. 
Ozone: the residence time of ozone in the troposph.erc 
is one to two months, while in stratosphere it is one to two 
years . 
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Carbon monoxide: the life time of carbon monoxide in 
the atmosphere is 0.1 to 0.3 year. 
1.6.0 Air Pollution in India: 
Alnost n(,> Indian city today can be said to be free froi 
pollution. 'I'hC' capital, Delhi, is known for its wintei ;.moq, 
Bombay and Calcutta for their foul air, choked as thit ii 
with smoke fror, several industries and automobiles inside 
thoJc cities. In India, in areas of heavy industries, the 
settlement of dust is nearly double of that of an ordinary 
Innc). In such polluted areas, people mostly suffer fror^  
iliscciSf: (d the lung, nose, tliroat, ear, and t-yr-
(Dehura , 1 Qf:! ) . 
In t, h e c 11 ^  Calcutta, 1100 tons of dust and 
injurious >_,aoes are released into the air every day and in 
Eiombdv neaily 1000 tons p-er day. Adiseshiah (1989) suggested 
that pollution of the air in crowded cities like Bombay, 
Calcutta or Delhi, caused in large part by the auto vehicle;-
explosion, is expanding from an annual 50,000 in the VI plan 
to ovei three laklis by the end of the VTl plan. Anothei 
lethal pollutant is lead, which every day, harm,s road and 
constructicn workers, police and pedestrians. He also 
suggestec! tiiat due to the functioning of power stations 
witliout pollution control machinery, acid rain will b(^  
produced b;, t h'j ninth [dan. Recent studies show tiiat tho 
wor^t u i . j'l pollution is the wood smoke inhaled by the poc: 
rural houLowife while cooking for three hours every da;^  , 
v/hich It ihowr to bo the equivalent of smoking 20 packctr ci 
c i 9 a 1 e 11G £ . 
T!t"r( u; I f a nun^bor of antipollution Acts. The Forest 
Contoriution Act ol ]980, the water (Prevention and contrc] 
of [)ollutic.n) Act 1974, and Rules 1985, the Ait (Preventicn 
and control uL polJution) Act of 1981 and most recently tl( 
Environnent (Protection) Act 1986 - which open up important 
control possiOl1itics. 
1.7.0 Air Pollution and it's Problem in Islamic Republic of 
Iran: 
TetiLciri the ca[>ital of the Islamic Republic of Iran, n 
known c.s one of the most polluted cities of the world. 'V\ ii 
[lollutod city contains half of all the industries and 12.2'' 
of populuncc (f the country (Tehran Times, 1990). Daily, mort 
tlian 1.5 miJlion vehicles are moving in the city which caust 
753 di tiL tciLal pollution ot the city. The chemicals \>n sent 
in th( vOpLariudted pollution of the city are; Car IK: 
monoxide, C i i o n dioxide, bitiogon oxides. Hydrogen sullidt, 
Lead and I'ydroca rljons and it's derivatives. According to 
Kayhan {19*i9) note than six thousand tons Carbon monoxide, 
550 tons unsdtutated Hydrocarbons, 66 tons Niltogt; 
dioxide, 13 lor.i. sulfur dioxide and 5 tons of lead cire emitte 
into the atr.o&phere of the city daily- Pollution in Tebrun 
city iS three tines higher than standard level. Farlitr 
Kayhan (1987) suggested that if necessary action is not taken 
to dccred&e the pollution of the city, life in the city will 
be difficult iri the next 20 years. Recently, Islamic Pcpublic 
News Fdi-or (]990) released news on 24 January 1990 (Second 
liahriidii 1^68) tluit the air of Tehian contained ten tinicii 
higher nitrogen dioxide than tiie normal values, while CO wai 
three times, and HpS five times higher than standard values. 
Even though strong action against traffic in central part of 
the city l^ as been taken since 1978, (Massodi et al . 1978) tc 
control air pollution of the city. Recently, the Kayhan 
(1990) re[jorted that the government has decided to transfer 
some, of riain offices to other cities. 
1.8.0 Nitrogen oxides as Air Pollutants: 
Many natural sources of nitrogen oxides exist, 
especially for N2O, and to a lesser extent for other forms, 
including [laiticulate nitrates. Forest fires, volcanism, 
decaying organic niatter, and atmospheric lighting are perhaps 
the largest sources of the oxides of nitrogen. The most 
significant species ol tliese nitrogen oxide compounds dit 
listed m taLle 1.2. It is generally believed that from a 
toxicologica1 viewpcunt, nitrogen dioxide is the dominant 
urban atmospheric forni. In the past two decades, greater 
attentiori has be-en yiven to indoor nitrogen dioxide, in 
TABLE 1-2 : 
Forms of nitrogen oxides of potential interest for considera-
tion of air pollution effects. 
Forn> Name 
N2O Nitrous oxide 
NO Nitric oxide 
NO2 Nitrogen dioxide 
NO3 Nitrogen trioxide 
N2O2 Nitrogen Peroxide 
N2O3 Dinitrogen trioxide (Sesquioxide) 
N2O4 Dinitrogen tetroxide (dimeric NO2) 
N2O5 Dinitrogen pentoxide 
[INOp • N i t r o u s a c i d 
HN()3 N i t r i c a c i d 
MNO2 Inorganic nitriteo 
MNO3 Inorganic nitrates 
R-NO Nitroso compounds (Nitroxy 
compounds) 
R-NO2 • Organic nitrates 
R-C-COONO2 Peroxyacyl nitrates (PAN) 
II 
0 
particuloi (CuOpei. anc! Tabersliaw, 19GG; Melia et al . 1978; 
Goldstein et aJ. 1979; Spengler et al. 1979; Speizor et al. 
1900; Seioiace et al. 1981; Slade et al . 1985; Stern 1986; 
Witsch, 1988; Ichinose et al. 1988; Pichters and Damji, J988; 
Hulsse et al. 1989). 
The oxides of nitrogen present a complex, not fully-
understood, picture oi their chemical origins, interactions 
and speciation. A simplified depiction of some of these 
features is shown in figure ].], (Malatinsky et al . .1973; 
tiational I-esearcb Council 1977; Guidotti, 1978; Lee, 1980; 
Pitts et dl . 1983) . 
1.9.0 Nitrogen Dioxide: 
Fitrogen dioxide is in equilibrium with dinitrogen 
tetrcjxide. The percentage of each being fixed by the anibient 
teu.pei atu L e , 2N02 (brown paraniagnet ic) =s=="- N2O4 (colourless 
dianagnet Jc) . Tables 1.3 and 1.4 show their composition at 
different Lc;:ii er £itu res and processes respectively. 
1.9.1 Physical Properties of Nitrogen Dioxide: 
Nitrogen dioxide is reddish brown gas with a pungent 
acrid odour, I'.P. -9.3°C, B.P. 21.15*^C and molecular weight 
4G.C1 nig/mmol . It associates or deconiposes with changes in 
tempL-r atuL e, (table 1.3) and is relatively insoluble in water 
(its soliiiiit;^ in wster it one-seventh of that of ozone). In 
the soil.; Ltdtt, the c >:ide is wholly N2O4. In the liquid, 
10 
03-02 
0-
N2 
-* NO 
HNO3 ^ 
N 2 0 3 
Fig. 1.1: Interconversioiir. of nitrogen oxides. This depiction, 
adopted ftora ['.orrow (1984) , shows the major inter-conver-
sions of tie atmospheric oxides of nitrogen. Where 
equi1ibr i a 
represents 
aic depicted, the length of the 
the favored reaction. 
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partial ditsociation occurs; it is pale yellow at the 
fiecziifj point (-11.200 and contains 0.01% of Ii02 whic!-
increases to 0.1?^  in the deep redbrown liquid at the boilinc 
point n.lS^'C. (Erotheiick, 1981; Cotton and Wilkinson, 1985; 
Yaws and hopper 1974; Draker et al. 1977; Rom and Darknian, 
1983; Kcziol and whatley 1984). 
1.9.2.0 Chemical Properties of Nitrogen Dioxide: 
Nitroyei". dioxide is acidic towards litmus, and 
neutralizes alkalies tc> forn nitrates and nitrites. With wair 
water it yive: nitric acid and nitric oxide by auto-oxidaticn 
of nitrous acjd. 2l<tC2 + H2O .^ =5 HNO3 + HN02- The gas js highly 
toxic and attacks i>ietals rapidly. It is fairly strong 
oxidizing agent in aqueous solution. (Bretherick, 1981, 
Cotton and Wilkinson, 1985; Rrakei et al. 1977; Yaws and 
Hopper 197 4 J . 
1.10.0 Odour of Nitrogen Dioxide: 
Th< iiitrogen dioxide, in concentrations of 10-20 ppm by 
volurio m air, hos [ungent odour. The odour of nitroger 
dioxide :s perccptiUe to somiO individuals at a concentration 
in air of 0.2 rg/m-" and to most at 0.4 mg/m-^ (i.e. 0.21 ppm). 
Other studies r.ave indicated that, by increasing the relative 
humidity ir. ttie atrX'Sphore, odour perception is improved, but 
respirator^j iiritdtion is also increased. The length ol 
ex[osurt- c'uiirg which odour can be perceived varies 
consi dc 1 Mt'I} (Ji'iong subjects and is unrelated to the 
u 
c o n c e n t r tit 1 on of n i t r o c j e n c i i o x i c l o . At NO2 c o n c e n t r a t i o n ui_ 1 (. 
20 r y / r - ^ (1 I prO ^ p e r c e p t i o n of o d o u r of n i t r o g e n d i o x i c ' e 
l o s t a f t e r [ - e r i o d s tancj infj f rom l e s s t h a n one m i n u t e t o ]<-
m i r i u t e ^ . P'owevei , r e g a r d J e s s of t h e c o n c e n t r a t i o n , t)doiii 
p e r c e p t i o n S(^nsi 11 v 11]) r e t u r n s w i t h i n J t o 1 .5 n ' i n u t c j l t t i 
t h e sui j c c t has l e f t t h e e x p o s u r e c h a m b e r . The odou : 
t h r e s i i o i d f e e r i t r o f j o n d i o x i d e h a s b e e n r e p o r t e d t o be belov, 
0 . 5 pp : i , ( : ranacic , J y y 7 ; h e n s c h f e i e t a l . ] 9 6 0 ; Pumse^ ani. 
C e s t a , 1970) . 
1.11.0 Maximum Acceptable Concentration (MAC) level of NO^: 
'j"he o x i d e s of n i t r o o e n h a v e b e e n y i v e n maxiniuh 
a c c e p t d l U c o n c e n t r a t i o n of a s hi t jh a s 40 ppm, ( E ' l k m s , J 9 5 0 ; 
LehRann and Fiasccjawa, 1 9 1 3 ) , b u t t h e c j e n e r a l l y a c c e p t e c 
f i u u r e h a s b e e n r e p o r t e d a s 25 ppm, (Cook , 1 9 4 5 ; Amer i can 
S t a n d a r c i s A s s o c i a t i o n , 1 9 4 4 ; T h r e s h o l d L i m i t V a l u e s , 1 9 5 3 ) , 
o r i n s e r e c a s e : 10 [piii, (Dowditcf i et a l . 1 9 4 0 ; Anonyu'c LI.' , 
1 9 4 7 ) . The l o s Anc je les C o u n t r y A i r P o l l u t i o n C o n t r o l D i s t r i c t 
c s t a b l i s h e > d a c o n c e n t i a t i o n of 3 ppio f o r t h e f i r s t A l e r t , 
ppm f o r t h e s e c o n d A l e r t and 10 pi_'ni f o r t i i e t h i r d / l e r t , 
( T h i e n c . ^r.C H a l e y , 1 9 6 4 ) . The A m e r i c a n S t a n d a r d s Asse'cicit 1 f; 
( 1944) and Ai i ie r ican C o n f e r e n c e of G o v e r n m e n t a l I n e i u i t i j a l 
K y g i e n i s t i ( 1964) have a d o p t e d a f i c j u r e of 5 ppru fo r n i t r o g e n 
d i o x i d e ' -mo 10 pi r,i for rj: 11 ] c a c i d ( T h r e s h o l d L i m i t V a l u . .. 
1 9 5 6 ) . 'Idl If 1.5 ( j i v e : T h i e s h o l d L i m i t V a l u e s of sorne of tin. 
n i t i o c j e n eea- ipoands . 
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Cnvi I onincntei l S u r v e y s r e v e c i l e d a mean of n i t r o g e n 
t i i o x i c l c c o n c e n t r £it i o n of 0 . 0 6 nicj/m-^ and a mean c o n c e n t r a t i o n 
of t o t a ] Dxiciof. cl n j t r o f j e n , ol 0 . 2 mcj/rn-^. The c u r r e n t 1'.^:. 
a i i 'h ' ient a i r q u a l i t y s t a n c a r c l i s 100 ug/m-' ( 0 . 0 5 ppm) annuci 1 
ti 1 i t lirool i c r.'-ean oi 2A-hourf- v a l u e s . P.asetl on a t - i o l o g i c a l 
e f f e c t l l ^ r e s h o l c i of 540 p g / n ^ ( 0 . 5 p p m ) , t h e Worlc' H e a l t i 
O r g a n i / - a t j c>n h a s recomn,ended t h a t t h e niore s t r i n g e n t hout l ;^ 
s t a n c - a r d ^". 'SO tc ' 320 ug/m-^ n o t t o be e x c e e d e d more t h a i 
o n c e p e r ;i>( i t b . 
Tlic r -a tu ic iJ AnojciiL A i l ( J u a l i t y S t a n d a r d s i n I n d i a foi 
< )• iC(ji'< of I ' i t r o g e r , i :> g i v e n a s ; in i n d u s t i i a l a r e a 120 ptj/m-^, 
i n I cc) 11. I c n t i a J and l u r a l a i e a s 80 j.ig/r,i-'' and s e n s i t i v e en t c 3( 
/-'y/ 
1 . 1 2 . 0 O c c u r r e n c e of N i t r o g e n D i o x i d e : 
Tl i . t c x i c g a s i s forn ied by t h e a c t i o n of high' 
11 Tipei a t LJI c of t h i ' a t r^iospher e . The h i g h e s t c o n c e n t r a t i o n s a i t 
in t h e i ;>;r iecia te '. i c i n i t y of t h e w e l d i n g a r c , (Doig and 
I ' h i i J l e n , ^'>U'\•, L i n d g u i j t , 1 9 4 4 ) . F i t r o g e n d i o x i d e har. lieen 
r e p c u t c d Ml ; aL /CLS ^nd o t t i e r a g r i c u l t u r a l w o r k t - r s ( G o l d f i a n k 
and B r t ' t r ^ i t / , ] 9 b 2 ) , S i l o s t i l l e d w i t h g r e e n c r o p s a r e t h e 
j - i t e s (.-] [ ' ( ' t e n t j a J e x p o s u r e (Lowry and Schuman , 1 9 5 6 ; 
G r a y s o n , 1957 ; ( ^ a i l i t i s e t a J . 1 9 5 8 ) . W i t h i n t h e f i r s t week 
of f i J J i n g , t i i t r c g c j n r i c h f e r t i l i z e r a d h e r i n g t o p l a n t s i s 
17 
oxiclised t t.i iiitiocjen dioxide and it roav range from 200 to 
4000 ppm {Gic'yson, .1956). Other situations with the potential 
expoGure to nitrogen dioxide include, the burning of dynamite 
in coal and metal mines, accidental exposure to burning 
plastics, shoe polish, and nitiocellulosc-mateiial such a: 
wc)oci flooring, [>a[>er, sawdust. As the action of nitric acid 
on thobf ;'.(\t( 1 i c 1 f, is on autocat alyt ic oxidation with the 
productjor of nitrogen dioxide fumes often in lethal concen-
trations. ry[osure to NO2 may also occur during the industri-
al operc.tic>ns or processes during the manufacture of nitric 
acid, sulfuric acid, dyes, cellulose compounds, explosives, 
fertilizers, phaiLiace-ut i cal s , and various other organic and 
inorganic chrni i cai f surh as nitrites, nitrates and othei 
nitro coi'i'ounds, '^gua rcigia, nitrous acid, oxalic a<'id, 
phthalic acre, ursenjc acid, and phosphoric acid, jcwelJery, 
etching, L^ r<i:'rpg, J 11 hographing, inetal cleaning, textile, 
electroplating, glass blowing, during nitration of 
chloroforrii, in tunnels following blasting, in garages from 
automobile exfiaust, (I-:ade et aJ. 1950; Apol , 1974; Paln,er , 
1974; MIOSH, 1576; Amdur, 1986, Wright, 1988). Since N2O4 
--I';02 as -< iiguid proicJlarit fuel used as a jet fuel, the 
oxides can be very real ha^iard aroimd airports where planet 
uting this fuel are being flown, or rocket propellants art 
used {Yocke^ ct al. 1981; Anonymous, 1961). When filn- liase 
v-ai fade of ci llilcte nitrate, niany projection booth fires 
18 
resulted in toxic concentrations of these oxides, and 
included is one notable disaster, that at Cleveland clinic. 
(Anonymous, 1929; Muntwyler et al. 1929). 
Dokhoven and Kiessen (19G1), reported that tobacco 
smoke contains nitric oxide and nitrogen dioxide levels of 
90-135 rny/ni-^  and 150-226 mq/m-" respectively, while Haacen-
Smit et al. (1959), made no distinction between nitric cxide 
and nitrogen dioxide in reporting oxidt-s of nitrogen levelr 
of 145-666 ppni in tobacco smoke. Yura and Shimizu, (1984' 
also reported presence of the nitrogen dioxide in tlie 
cigarette and tobacco smoking. The presence of nitroccr, 
dioxide in Kitchen with gas or electric cooker. (Spen.jle; 
et al. 1979; Keller et al. 1979 Glotzl, 1985; Melia et eA . 
1978), in cities by automobile, ( Massodi et al. 1978; rixit, 
1975; Bruetch, 1975;) have also been reported. 
1.13.0 Toxic Dose of Nitrogen Dioxide: 
According to NIOSH (1978): The effects expected ir. 
human f r C'm exposure to nitrogen dioxide for 6C minutes are; 
25 ppiri, respiratory irritation and chest pain; 50 PFT , 
pulmonai,;^  edema with possible subacute or chronic lesions ir 
the lung; 100 ppm, pulmonary edema and death. Tollm.an et e' . 
(1941) concluded that, nitrogen dioxide inhaled i r. 
concent r at j c-n in excess of 100 ppm, four hours per day will 
eventually lead to fatal results. LaTowsky et al, (194]) alfc^  
19 
reported that exposure to nitrogen dioxide level of If rpr 
are lethal to most animals. Nitrogen dioxide seorps to be t;e 
niost toxir oxide of nitrogen, and its toxicity is four *o 
five times higher than that of nitrogen oxide (Gray and 
Rochester, 1959; Flkins, 1950; Pflesser, 1936). The degree cf 
toxicity is influenced by: 
(1) Dose; generally, greater the dose or higher tie 
concentration, miore rapid the action. 
(2) Rate of absorption; faster the rate, quicker the actior. . 
(3) Route of administration; for the most part, toxicity is 
greatest by the ioute that carries the toxic substances 
to the bloodstream most rapidly. 
In decreasing order of speed of action, routes for fiost 
of the substances are; intravenous, innalatior, 
intraperitoneal, intramuscular, subcutaneous, oral, cutaneous 
(skin), (Fawctt, 1984). 
Direct cont^ict between tissue and inhale c; nilroijr 
dioxide could be responsible for riiore extensive bioclcmu : 
changes leading to alterations in enzyne activity. 
The minimuiu adverse effect level of nitrogen dioxide 
for humian short-terrr, exposure is assessed to be 9^0 ug, r 
(0. 5 ppm) , (Liinovall, 1985). Toxicity of nitrogen dioxide 
depenc-r also on tei j. er a t ur e . Cray et al.(195'^) repotted tl a' 
a rise m the anbieiit t enipe-r at ur e of about PC-F {1.5'^'C 
iiure^c-sfd the toxicity by approximately 25%. Schu 1 t ?-P re i'^  
20 
(1930) has shown close comparison between toyicit;^ LT 
phosgene and that c-f r:1ro(jen dioxide (tab]e 1.6) 
l.]4.0 LC50 of Nitrogen Dioxide: 
Even over short time intervals, Haber's law does nc: 
hold for nitrogen dioxide. Haber's law scales that C K T = F, 
where K is a constant, C is the concentration of the toxic 
materia], and T is the time of exposure. For example; 420 ppr 
nitrogeri dioxide, for a period of }'^> minute exposure k i ] 1 "^  
5 0% of the animals, (Gray et aJ. igs-i). Applying this Irv, 
one \/ould predict J 05 ppm nitrogen dioxide for one he in or 7^ 
ppm NOp for four hours wou."ld kil] 503; of the animals 
exposed. rx^erimenta] results indicate, however, thai re-ts 
exposed for longer time can witlistand higher concentr at j c; 
llai ir ('dieted. T c one hour and four hours e>fcsurec K^rp 
values found were 16C and 86 i)i m, respectively. Tven si e i * 
exposure to the higher concentration was sufficient to 
produce overwhelming [uilmonary cdem.a and death. 
Some earlier work in which anim.als were allowed t. 
remain in an atmosphere of NO^, until they died suggested 
low toxic^jty. Because death from pulmonary edema i £. delavti', 
nc)t imimccUatc , tic animal;; subseciuentl y received nultilttlcl 
do;;cs of nitrogen dioxide. Tn the ease of irritant c-grrt 
that produce delayed edev a r the expei J Pienta 1 de£.]gr ti ' 
^ 
EH 
0^  
13 
•H 
X 
o 
c 
<u 
en 
O 
4-1 
•i-t 
z 
c 
nj 
o; 
c 
<D 
c^  
CO 
O 
x: 
a, 
u-t 
o 
> i 
j j 
o 
X 
o 
o 
c 
o 
w 
• H 
(0 
a 
o 
u 
OJ 
^a 
•r-i 
X 
o 
c 
a; 
CT^  
o 
u 
i-i 
•1-1 
-^^  
w (U 
CO 
ra 
o 
m 
CO 
m 
0) a; 
c m 
01 to 
en u 
O LO 
^ o 
jr. 
o 
• H 
,G 
3 
C 
•rH 
rQ 
O 
• r H 
i-l 
CD 
j : : 
V 
w 
1-4 
- J 
u 
o 
o 
j a 
-U 
03 
<D 
Qu Q 
CN o 
CO 
LO CN 
CO 
CD 
v ! ' 
CN 
1 
O 
00 
•* 
i 
IT) 
rsi 
CN 
r^  
1 
(T i 
"* 
CN 
1-1 
0) 
> 
o 
12. 
meanuref. suivival tiroe under continLcur^ (.oj^ csure v, i 11 undei-
cst imate tie JethaJ dose, (Anidur, 1986). 
].]5.0 Symptoms of Nitrogen Dioxide Inhalation: 
The active ibase resulting from inhalation of nitrogen 
dioxide may include; chest pain, marked breathlessnets 
(dyspnoea) nausea, bronchospasm, profuse sweating, ccar.f 
crepitations throughout lungs, cougli with production of 
ve]]ow sputum or a dry irritating cough, cyanosis, alveclti 
t yper ve n t J ] at i on , hypoxemia, cold clammy ext i en i t .i t 5 , ^ <' 
pulmonary edema (Jones et a ] . 1973; Scott and Hunt, 19""; 
F^ attoii et al . 1977; McCabe, ]977;Fleming et al. IQ-'Q; 
Lakshrm I arayan, 19P2). 
Short-term, 1 igh--]evcl, exposure produces t oi g! ,. c d 
mild lieaddcbe wloch may be fo]jo\/ed, sortie hourf ]ater 1\ ''.^  
di-vc 1 c pr ( lit of [uJ nonary edema. The fact, tiiat tie [ilrcri. r\ 
( d( I , I < ^ ! ( df "' a;^  f d , sbou] d be conr. i dc r ed by those t r c cd ^ r,c 
[fifcns who have been exposed to nitrogen dioxide. :'itr'^ ) or 
("i()xide js d n.arked irritant of mucous mer^brant s , 
1^  a r t i c u] fir 1 ;^  of the tranchc'a, tironchi and pulpon^ir; I J ." i< 
High concentrations produce cough and vomitting. "<. \ > ^r, 
with tht' ]rwer concent r c^t i ons , no symptoms r.iay be not • c ( c' ( t 
.'ivfrnl lour.^, Thc' coughing, suffocation, narked dv .^[ i c. 
2J 
and expectoration of blood-tinged frothy sputum, intense 
thirst and often vomitting develop with dramatic suddenness. 
A second phase, as a result of nitrogen dioxide 
poisoning, may occur days or weeks after an acute exposure. 
It is character i i:ed by fever, progressive shortness of 
breath, headache, tiredness, sweating, aching pains, dyspnea, 
cough and sometimes emphysema, (Ramire?, and Dowell, 197]; 
Jones et al. 1973; NIOSH, 1978; Nieding and Wagner, 1979; 
Lakshminarayan, 1982), During this phase the patient may 
progress to death from chronic respiratory failure oi 
recovery with chronic obstructive pulmonary disease, (Shy et 
al. 1970; Kennedy, 1972). A number of patients, who recover, 
are found to have obstructive lung disease of varying 
severity, (Decklake et al. 1957). 
Loss of serum into the lungs often causes marked con-
centration of the blood. Death results in most instances fror. 
pulmonary edema, (Thienes and Haley, 1964). 
1.15.1 Acid Rain: 
Acidification of our environment is a man-made phenome-
non. The impact of human activities has sign ificant]v chanced 
the precipitation chemistry on a regional scale and perhaps 
on a global scale. 
Large quantities of nitrogen and sulfur oxides aie 
emitted into the atmosphere through various human activities. 
Burning of fuels results in the formation of oxides of 
nitrogen by the comL>ination of nitrogen and oxygen present m 
the air. The major contributors of oxides of nitrogen are 
power plants, automobile exhaust, domestic fires, smelting 
operations and alj other form of combustion, (Wright, 1988; 
Bernabo, 3 984; NIOSH, 1976). The oxides of sulfur and 
nitrogen are readily converted into strong sulfuric ard 
nitric acids in the atmosphere and fall to the ground in rair 
and snow. The acid rain, therefore, is a cocktail of sulfuri'^ 
and nitric acids and the ratio of the tv/o acids n-ay vor^ 
considerably depending on the relative quantities of oxides 
of nitrogen and sulfur emitted into the atmosphere. 
Currently, 60 to 70 percent of the acidity is ascribed ::L 
sulfuric acid and 30 to 40 percent acidity to nitric acid. 
Generally "clean"' rain is slightly acidic as it 
dissolves varying amounts of carbon dioxide which is a '-•ommtjn 
constituent of our atmosphere. Acid precipitation, or acic 
rain is defined as that which has a pK less than 5.6. Ir raciny 
parts of Scandinavia, Eastern Europe, Canada, and USA, tne 
rain has become increasingly acidic. Presently rainfal] 
(averaging pH of 4.5) is common in the Eastern North America 
which is ten tim^-s acidic than clean rain. For scr,L 
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individua] storms pH as low as 3.7 or even 2.1 has been 
reported, (Bernabo, 1984). In India also, in some urban and 
industrial areas, on certain occasion the pH of the rair. 
water is already below or close to the critical value. 
Observations made in Bombay indicate that rainfall of pH 4.8 
has occurred on certain occasions. 
1.16.0 Mechanism of action of toxic chemicals: 
Generally, toxic substances can enter the organism b^ 
three main portals, viz; (1) respiratory tract, (2) skiri, 
and (3) gastrointestinal tract. The first two routes are 
predominant in the work envi ronm.ent, whereas the third one is 
of much less importance. The rate of absorption through the 
biological membranes is determined by physiochem.ical 
properties of chemical compounds. Chemicals interacting 
during the absorptive phase may result in an increase cr 
decrease in the relative rate of absorption or in the aniount 
absorbed. This is v/ell exemplified by changes in ahisorption 
from the gastrointestinal tract due to substances influencing 
the local pll, (Hogben et al. 1957, 1959). It is well known 
that ionized molecules have low lipid solubility and henct 
their transport through biological membranes is reduced. 
Transfer of acids across biological membrances will 
therefore, be favoured by low pH and transfer of bases will 
be favoured by high pH, (American Pharmaceutical Association, 
1976) . 
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Absorbed chemicals are distributed to various tissues 
and this process is governed by several factors, viz; (1) the 
blood flow to tissue, (2) the mass of the tissue, and (3) the 
affinity of the tissue for the chemical. Chemicals are bound 
to tissues, plasma proteins, and receptors reversibily and 
the ratio of free to bound chemical and also on the presence 
of another substances. One chemical miay change the 
distribution of another and thereby alter the concentration 
of the active compound at the site of its action. Many 
chemicals circulate in blood bound to plasma albumin and by 
competing for the same binding site one chemical may displace 
another depending on their relative plasma concentrations and 
particular binding characteristics. (Koch-Weser and Selleis, 
1976). The displacement of a piasmaprotein-bound chemical 
will increase the plasma concentration of the free form 
available for diffusion to tissue receptors leading to 
increased biological effect. 
Various foreign chemicals, when absorbed into the body, 
undergo biotransformation by a variety of oxidative, 
reductive, and conjugating mechanisms, such as hydroxylation, 
dealkylation, deacetylation and conjugation. These biotrans-
formations produce more polar metabolites, which are irore 
readily excreted and can be less toxic, m.ore toxic, or do not 
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alter the toxicity. Numerous chemical agents exert an effect 
upon enzymatic systems responsible for biotransformation of 
various chemicals absorbed into the body, thus bringing 
about changes in their toxicokinetics. As the toxicity of a 
chemical agent largely depends on how effectively the body is 
able to accomplish its biotransformation and elimination, any 
interference with the metabolism is likely to be reflected in 
a reduction or potentiation of toxicity, (Haley, 1987; 
Williams, 1971). 
A chemical substance can exert two types of effect on 
the activity of enzymatic metabolizing systems; viz; increase 
of activity (stimulation, induction) or inhibition. It has 
been repeatedly shown that numerous foreign chemical 
compounds can induce enzym.es of the endoplasmic reticuJum 
and, therefore, increase the rate of biotransformation cf 
many chemicals, (Haley, 1987; Conney, 1967; Conney and Burns, 
1962). The same enzymatic system that can be induced by a 
number of chemicals may be inhibited by others, resulting in 
a decreased rate of biotransformation. The inhibitors exerts 
their effect through a variety of mechanism, such a? 
depression of enzyme synthesis, inhibition of activity of thf 
enzymes duo to binding with the inhibitor or indirectly uy 
damaging the endoplasmic membrane structures. 
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1.16.1 Absorption and Deposition of Nitrogen Oxides by the 
Lung: 
When nitric oxide and nitrogen dioxide are inhaled, a 
considerable fraction of these gases is removed in the upper 
respiratory tract. Experimental studies have shown that 40 to 
60% of inhaled nitrogen dioxide is absorbed in the upper 
airways of dogs, rabbits, and monkeys, (Dalhamn and SjohoJrr', 
1963; Goldstein et al. 1977). Another fraction of the inhaJed 
gases, upto 40% is thought to be absorbed by the more distal 
pulmonary regions, (Nieding et al. 1979). Studies in rhesus 
monkeys using nitrogen dioxide concentrations of 0.6 - 1.7 
mg/m3 with trace quantities of labelled NO2 ("'"^ NO2) showed 
that the gas was distributed throughout the lungs with higher 
levels in the upper lobes, (Goldstein et al. 1977). 
Nitrogen dioxide is an acid anhydride and reacts wjth 
water vapour in the humidified air present in the upper and 
lower regions of the respiratory tract. The exact chemica] 
species which reaches the pulmonary surface to produce the 
observed lesions is most likely to be nitrogen dioxide, but 
nitrous acid, and perhaps nitric oxide may bo formed in tno 
liquid lining the airways, (Goldstein et al. 1977). Nitrous 
acid and nitric acid will be rapidly neutralized by th^ ' 
biological substances in solutiori in the liquid largeij 
lining the airways of the lungs. 
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Despite the hydration of nitroc,en dioxide by water 
vapour, a siynificant fraction of nitroyen dioxide is not 
removed •" " the upper airways and uenetr^ '^ e'^  rlco,. ',Ti^-i> • v~'-= 
luny to produce its toxic effects. As a strony oxidant, 
ni'royen dioxide may also oxidize low molecular-wpi uhf-
reduciny substances and proteins within seconds or minute. 
The reaction with unsaturated fatty acids to produce 
peroxidation is essentially instantaneous (Roehm et al. 
1971). Absorbed nitric acid as nitrite, reacts with 
oxyhemoylobin, produciny methemoylobin.The methemoylobinemia 
toyether with the anoximia resultiny from the accumulation 
of fluid in the lunys (pulmonary edemaa) cause marked 
cyanosis. Acidosis is severe. Loss of serum into the lunys 
often causes pulmonary edema (Thienes and Haley, 1964). 
1.17.0. Lipids: 
Studies of lipids profile in the CNS form an 
important part of neurobiochemical investiyation. The major 
lipids found in mammalian tissues are. Cholesterol, Phospho-
lipids, Triylycerides, and free fatty acids. In blood, 
mostly these compounds have one feature in common, that is, 
they are all esters of lony chain fatty acids. 
For the last 25 years, lipids have become recoynized 
as essential constituents of all cells and are 
involved in numerous important bioloyical processes. 
Not onJy are they considered as yood source of 
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energy but also are n^ ajor components of all membrances, 
essential components of several crucial enzyme systems, and 
have been implicated in the cellular transport of sore 
compounds, al] of v/liich make it clear that an abnormalities 
in lipid metabolism could have far reaching effect on tie 
cell's ability to cairy out its numerous essentia] 
processes. 
In the normal animal, 10 to 35% of the body weight may 
be lipids, the bulk of which is triglyceride (White et al. 
1978; Weidman and Schonfeld, 1980;Smith et al. 1983;). The 
brain contains the largest amount of lipids (except adipose 
tissues), which make up approximately two-third of the ci-^  
weight of the white matter and one-third of the gray niatter 
(Bloor, 1943). They are significantly important in bc)th 
structure and function of the CNS (Brante, 1949; Dalakrishnan 
et al . ]961 : Suzuki , 1981) . 
The major lipids of the CNS are; cholesterol, phospho-
lipids and cerebrosides followed by triglycerides, free fatty 
acids and cholesterol esters as minor lipids (Davison 1970). 
According to Suzuki (1981) the sum of cholesterol, 
phospholipid and glycolipids comprises at least 05% of the 
total lipids of the brain. 
According to Suzuki (1981), composition of the brair 
lipid tends to ren^ ain relatively unaffected by various 
external factors such as; the nature of diet, ma]nutiition 
and other condition chat would alter strongly the blood lipid 
composition of systemic organs. 
1.18.0. Free Fatty Acids: 
Free fatty acids, constituents of com]:'lex lipids, are 
necessar} for the structiiral and functiona] integrity of 
cells. The most com;nonly found fatty acids in aninal 
tissues are palmitic (16;0), oleic (18:1), linoleic (16:0), 
palmitoleic (16:1), stearic (18:0), myristic (14:0) and 
arachidonic (20:4) (Jeanrenaud, 1965). These are transported 
in blood bound primarily to albumin, and to lesser extent to 
alpha and beta lipoproteins (Fredrickson and Gordon, 1958; 
Goodman, 1958; Shafrir et al. 1965). 
Distribution of free fatty acids between albumin and 
lipoprotein depends on chain length and degree of saturation 
of the fatty acids. The rate of free fatty acids released is 
dependent on the moiar ratio of free fatty acids to album.in 
in blood and on the rate of blood flow through the tissue 
(Scow, 1965). Uptake of free fatty acids from blood by most 
tissues is proportional to the plasma concentration of fret' 
fatty acids. In most tissues, free fatty acids are either 
oxidized at once or stored as triglycerides to be oxidized 
later. 
FroG fatty acjdr^, occurring in trace amount in ti'C 
lipids of central nervous system, may be divided iiito foui 
groups: (i) Saturated and unsubstituted; (ii) Saturated and 
alpha-hydroxy; (iii) Unsaturated and unsubstituted; (i\) 
Unsaturateci anci alpha-hydroxy. I^s far as chain length it 
concerned, fatty acids with 12-26 carbon atom.s are common] v 
found. They constitute a large component of the major lipids 
of the brain and spinal cord (Eichberg et al. 1969). The 
amount of the fatty acids of each lipid class of human brein 
changes continuously throughout the life.They are readily 
mobilizable source of energy for virtually all tissue in ti-e 
body except brajri (Suzuki, 1981; Stryor, 1988). Brain ba:^  
also the capability of oxidizing free fatty acids (Little cl 
al . 1969). On a sj'ecific activity basis, liver was most 
active, setum leas,t and brain somewhere in between. Central 
nervous system fatty acids' can ?rise by synthesis in situ 
and by tians[)ott froni the bloodstream, (Sun & Horrocks, 
1969;D'Amado, 1970; Dhopheshwarkar and Mead, 1970; 
Dhopheshwar kar et 3^^ . 197]). Mitochondria and microsomes arc 
primarily responsible for the fatty acid synthesis in the 
brain (Aebcrhard and Menkes, 1968), Fatty acids are 
synthesized from gluccse but some synthesis proceeds ficjr 
acetoacetate, citrate, and even acetyl aspartate, (White et 
al. 1978; Smith et al, 1983). The fatty acids of the rat CNS 
have a half life (10-15 days) live to seven times higher thur 
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that of livor (about two day3), (Havel, 1963). 
Deficiency in the fatty acids hydrolase may limit 
synthesis oC alpha-hydroxdy fatty acids found in various 
myelin lipids. In their absence, the myelin structure is 
imperfect, leading to behavioural and physical defects such 
as jumping or quaking^ which occurs in mutant strains of mice 
(White ot al. 1978). 
1.19.0 Triglycerides; 
The triglycerides, which consists of glycerol 
esterified with 1,2 or 3 fatty acids, are synthesized in the 
liver and in most other tissues from alpha-glycerophosphate 
and the cocnzyme-A dor;'vatives of the long chain fatty acids. 
Triglycerides are, by far, the m.ost abundant form of fat in 
the mammalian body. Triglycerides make up more than 90% of 
the mass of the fat stored in adipose tissue depots, which in 
turn make up 10-35% of body weight (Weidman and Schonfeld, 
1900). Triglycerides ace present in the plasma in association 
with other lipids and with proteins in lipoprotein complexes. 
These can best be considered in the present context as 
providing a mechanism for the transport of a water-insoluble 
triglyceride in an aqueous medium (White et al. ]978; Smith 
et al. 1983). Most of the plasma triglycerides are carried in 
two lipoproteins classes - the chyiomicrons and the Very Low 
Density Lipoproteins (VLDL). The concentration of 
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triglycerides in the plasma at any time reflects a balance 
between rates of entry and removal of triglyceride fatty 
acids from the circulation. 
The brain is unique in its lack of certain lipids that 
are abundantly present in other organs of the body. However, 
triglycerides constitute at the most only a few percent of 
the total lipid of the brain lipids, some are probably 
contributed by blood and blood vessels, rather than by neura] 
tissues (Suzuki, 1981; Cook, 1981; Horrocks and Harder, 
1983) . 
1.20.0. Cholesterol: 
Cholestero] is the major and important sterol in the 
animal tissue. It is present as an integral part of the eel] 
membranes. Cliolesterol is synthesized from acetyl - CoA, 
which can bo derived from fatty acids, amino acids or 
carbohydrates. The hydroxymethylqlutaryl - CoA (HMG-CoA) 
reductase controls the formation of mevalonate from HMG-CoA 
and it is rale-limiting in the biosynthesis of cholesterol 
(Frisell, 1982; Stryer, 1988). 
Cholesterol is the only sterol present in normal adult 
brain in significant amounts. It comprises about 10% of the 
dry weight of the brain lipids. Esterified cholestero] io 
present in normal CNS only at a very low concentration i.e. 
less than 1% (Cook, 1958). Adult human brain contains about 
J:3 
25 g of cholesterol, but the amount at the time of birth is 
only 2g (Waelcch -t al. 1940a,b, 1941). 
Cholestcri'] biosynthesis in the CNS is most rapid 
during the periou of active myelination. With increasing age, 
the level ol i ;:G-CO/\ reductase declines sharply and the 
animal brain bocones less capable of synthesizing cholesterol 
(Smith et al. J983; White et al. 1978; Davison and Wajda, 
1959; Folch-pi, ]955). However, adult CNS retains the 
capacity to synthesize cholesterol when precursors such as 
acetate or mevajonate are available (Nicholas and Thomas, 
1959 a, b; 1961). Paolctti (1971) observed that microsomes 
are the subcellular sites of the brain cholesterol 
biosynthesi s. 
A numbei ol tcports claim that practically no turnover 
of cholesterol n^^uti in the adult CNS (Waelsch et al. 1940a; 
Bloch et al. 19 13; Srere et al. 1950; Van Bruggen et al. 
1953; Davison et c}. J958). But, Davison (1964) and Garin and 
Marsh (1964) reported that the turnover of cholesterol in the 
CNS being very slow, with half lives greater than 100 days. 
This turnover nuiy be more rapid in some area than in the 
other. Khan and Folch-pi (1967) reported that cholesterol of 
various subcel 1 u] ar fractions of rat brain exhit)itea 
different behaviour. 
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1.21.0. Phospholipids: 
Since 1884, phospholipids are known as constituents of 
the central nervous system (Thudichum, 1884) . According to 
Hokin (1969), phospholipids constitute approximately one-
quarter of the dry weight of the brain total lipids. The 
glycerophospholipids of the CNS differ from each other and 
show variation between gray and white matter (Eichberg et al. 
1969) . Total amounts of phospholipids are higher in white 
matter than in gray matter (Yasuda, 1937; Randoll, 1938: 
Brante, 1949; Johnson, 1949). 
Glycerophospholipids and sphingo-phospholipids are two 
main phospholipids found in human body which contain glycerol 
and sphingosine as alcohol respectively. These are further 
differentiated according to the nature of the molecule with 
which phosphoric acid is esterified (such as choline, 
ethanolamine, serine, and linositol). Sphingomyelin is the 
main sphingophospholipid present in human tissues. 
The main phospholipids of the central nervous system 
are phosphatidylcholine, phosphatidylethanolamine, phosphati-
dylserine and phcsphatidylinositol. They are mainly 
synthesized in the brain from bases activated by Cytidine 
Triphosphate (CTP) (Walton, 1983). Brain can biosynthesize 
phosphatidylglycerol via pathway similar to those of other 
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organs (Rossiter, 1956: Possmayer et al. 1968; Stanacev et_ 
al. 1968). The phosphatidylinositol manifests the highest 
turnover rate of any of the lipids in the brain (White et al. 
1978) . 
The ability of the brain to synthesize phospholipids in-
dependent upon age (Fries and Chaikoff, 1941; Cohn anc: 
Greenberg 1938). The rate of phospholipid synthesis in the 
brain is accelerated if glucose, mannose, galactose c^: 
fructose is present under aerobic conditions (Schachinei c* 
al.l942). Torda (1953) found that the synthesis ol 
phospholipids in the brain is influenced by the degree o: 
activity. However, Dawson (1953), found that the rate of 
synthesis of phospholipids in the brain homogenates fron 
guinea pigs was dependent upon the extent of oxidative 
phosphorylation and was controlled by it. 
1.22.0. Lipase: 
In 1846, Claude Bernard and in 1858, Marcet, describee) 
the pancreatic and gastric lipase respectively (SuniOur 6. 
Somer, 1953). Hahn (1943) noticed another class of lipase, 
ultimately identified as a triglyceride lipase, whicli was 
activated in the presence of high density lipoproteins ano 
was, therefore, given the name lipoprotein lipase. Lipolysic-
mediated by lipoprotein lipase promotes the exchange of 
lipids between lipoproteins. Lipases are widespread m 
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plants, while the pancreas are its major animal source. Blood 
serum and some other tissues have low concentrations of tf.e 
enzymes.Glyceryl esters of fatty acids (Neutral facts) aie 
hydrolyzed by the lipase and yield three molecules of fatty 
acids and one molecule of glycerol (West et al. 1966). 
Therefore the rate of lipase reaction can be m.easured l^y 
determining either the rate of production of the fatty acios, 
or the rate of disappearance of the substrate, the 
triglyceride. Cabat and Gatt (1976, 1977, 1978) demonstrated 
three lipases in brain. Lipase activity in brain is rore 
concentrated in gray matter than in the white matter 
(Gozzano, 1934). intracellular distribution experiments have 
shown that lipases are concentrated more in the cytoplasr 
than the nucleus (Gomori, 1946). There are some i ndi cat ior.i_ 
that lipase in brain is stimulated by biogenic amiric:. 
(Vyvoda and Rowe, 1976). Phospholipases A,B, like activity ir 
CNS have also been reported (White et al. 1978). 
1.23.0. Gangliosides: 
Gangliosides are distinguished from other glycosphino-
glipids in that they contain one additional characteristic 
carbohydrate constituents, namely sialic acid. It was inde^ cJ 
this sugar amino acid that by its colour formation upon 
heating with Ehrlich's or Bials reagent led to the detecticn 
of these lipids (Wiegandt, 1985). More than fifteen differenL 
gangliosides have been characterized upto date. They ate 
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comparatively long live lipids, with half lives of 10 to 38 
days (Rosner and Merz, 1982; Svennerholm, 1970). Gangliosides 
occur, as far as available data show, only in animals of the 
Deuterostomia, whereas they have not been detected in 
Protosomia. Mammals, birds, amphibians and teleost fish, all 
have similar brain gangliosides. There are, however, 
phylogentic differences in the concentrations of brain 
gangliosides (V/iegandt, 1985. Gangliosides are present in 
most, if not all, m.ammalian tissues (Svennerholm et al . 
]972). It is now recognized that they are important 
constituents of the surface membrane of perhaps all cells of 
animals that belong to the phyla-Deuterostomia. The highest 
concentration of total gangliosides is found in the gray 
matter of the brain (Suzuki, 1931;Sweeley and Siddiqui, 1977; 
Kawamura and Taketomi, 1977; Ledeen et al. 1968; Wolfe, 1972; 
Klenk, 1942). Particularly, gangliosides constitute 6% of 
total lipids of the brain (Lehninger, 1984), and only about 
0.6% of the white matter. The concentration of ganglioside is 
lower in spinal cord than in brain and still lower in 
peripheral nerve (Svennerholm, 1967).The gangliosides of the 
peripheral nervous system are rather different from those of 
the central nervou3 system. 
From birth to adulthood, there is a two-fold increase 
in ganglioside. In an adult animal, monosialoganglioside 
(GMj) makes up more than 90% of the total gangliosides in the 
HO 
myelin fraction, while it comprises about 30% of the whoJe 
brain ganglioside (Agnati et al. 1983a; Wiegandt, 1985). 
Ganglioside biosynthesis involves a series of reactions 
in which sugars are transferred successively by specific 
glycosyl transferases from their nucleotides to the growing 
glycolipid acceptor. In brain, the glycolipid glycosyl 
transferases are particulate and appear to be localized in 
synaptic mcmbrances. Ledeen (1985) has shown that 
monosialoganglioside is present in the brain in high amount 
and is preferentially localised at the synaptic regions where 
the presence of some ganglioside biosynthetic enzymes have 
been found (Hansson et al. 1977; Mirsky et al. 1978). 
The cataboJism of the entire carbohydrate chains of 
gangliosides proceeds by hydrolytic cleavage of the sialosyl 
linkages (Ohman et al. 1970), and the terminal glycosyl 
linkages at the non-reducing end (Gatt, 1969; Shapiro, 1967). 
These reactions are carried out by series of glycosyl 
hydrolases of different substrate specificities and are 
thought to bo localized to the lysosomes (Sandhoff anci 
Christomanoue , 1979). 
Gangliosides appear to act also as specific receptorr. 
for certain bacterial toxins (Ledeen and Mellanby, 1977). It 
is assumed that exogenous ligands such as bacterial toxins, 
antigens, calcium ion, etc, bind to specific gangliosides tc 
induce sequential activations of membrane-associated enzymat-
3^ 
comparatively long live lipids, with half lives of 10 to 38 
days (Rosner and Merz, 1982; Svennerholm, 1970). Gangliosidcs 
occur, as far as available data show, only in animals of the 
Deuterostomia, whereas they have not been detected in 
Protosomia. Mammals, birds, amphibians and teleost fish, all 
have similar brain gangliosides. There are, however, 
phylogentic differences in the concentrations of brain 
gangliosides (Wiegandt, 1985. Gangliosides are present in 
most, if not all, mammalian tissues (Svennerholm et al. 
1972). It is nov/ recognized that they are important 
constituents of the surface membrane of perhaps all celJs of 
animals that belong to the phyla-Deuterostomia. The highest 
concentration of total gangliosides is found in the gray 
matter of the brain (Suzuki, 1981;Sweeley and Siddiqui, 1977; 
Kawamura and Taketomi, 1977; Ledeen et al. 1968; Wolfe, 1972; 
Klenk, 1942). Particularly, gangliosides constitute 6% of 
total lipids of the brain (Lehninger, 1984), and only about 
0.6% of the white matter. The concentration of gangjiosjde is 
lower in spinal cord than in brain and still lower in 
peripheral nerve (Svennerholm, 1967).The gangliosides of the 
peripheral nervous system are rather different from those of 
the central ncrvouc; system. 
From birth to adulthood, there is a two-fold increase 
in ganglioside. In an adult animal, monosialoganglioside 
(GMj) makes up more than 90% of the total gangliosides in the 
ic reactions and cellular metabolism (Fishman and Brady, 
1976, Yamakava and Nagai, 1978; Hakomori, 1981). 
1.24.0. Lipid peroxidation: 
According to Tappel (1970), Mead {]976) and Pryor 
(1976), reaction of an oxidant with polyunsaturated fatty 
acids yields a lipid free radical intermediate. This is 
termed as lipid peroxidation. The rate of peroxidation varies 
with the number of double bonds in the fatty acids present in 
phopholipid (Witting, 1965). Thus the membranes that contain 
higher levels of polyunsaturated fatty acids in their 
phospholipids are more labile to lipid peroxidation. There is 
a great deal of lipid content in the CNS tissues. The biain 
homogenate has apparently the necessary unsaturated fatty 
acids and catalysts for peroxidation in the architecture of 
the cell itself which are readily available for reaction with 
molecular oxygen to undergo lipid peroxidation. Lipid per-
oxidation in this tissue might very well affect the function 
of nervous tissue peroxidation reactions can affect virtually 
every organ. Basic importance of lipid peroxidation in cells 
damaged by air polJutants have been shown by Tappel (1970). 
Mudd and Freeman (1977) also investigated the relation of 
environmental pollutants (ozone) with biological membrane and 
change of lipid peroxidation. It is important that lipid 
peroxidation is a basic deteriorative reaction that is in-
kl 
volved in many disease processes and chemical toxicities 
(Strehler et al, 1959; Tappel and Dillard, 1981). 
Peroxidation vias proposed to be initiated by the 
abstraction of methylene hydrogen from an polyunsaturated 
fatty acid forminy a lipid radical (L°). Reaction of the 
lipid radical with molecular oxygen leads to the formation of 
lipid hydroperoxy radical (L00°). The lipid hydroperoxy 
radical could then react along either of two pathways: 
(1) It could abstract a methylene hydrogen from a 
neighbouring unsaturated fatty acid forming a lipid 
hydroperoxide (LOOK) and a second lipid radical; or 
(2) rt could undergo an intermolecular cyclization to form 
lipid hydroperoxide and the lipid endoperoxide radicals. 
The second lipid radical formed and the lipid endoperoxide 
radical form could react with molecular oxygen and with other 
unsaturated lipids resulting in the extraction of methylene 
hydrogens and continuation of the radical chain reaction. 
Break-down of the lipid hydroperoxides and endoperoxides 
leads to the formation of more than twenty known products of 
lipid peroxidation (Gardner et al. 1974). Among the products 
formed is malonaldialdehyde. Quantitation of malonaldial-
dehydc by its reactions with thiobarbituric acid (TBA) is one 
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of the most commonly used assays for the determination of 
rate and extent of lipid peroxidation (Bernheim et al. 1948). 
Three types of effects are reported in biological 
system in which lipid peroxidation proceeds: 
i) Shifts in metabolism; 
ii) Direct enzyme inactivations and 
iii) The alteration of the physical properties of phos-
pholipids in the membrane bilayer. 
Lipid peroxidation increases membrane lipid rigidity 
and negative surface charge. Membrane fluidity is covered by 
20-30% with alterations in membrane lipid layer micro-
viscosity. The solubilization parameter (which correlates 
with membrane lipid fluidity) decreases at temperatures below 
30°C (Kagan et al. 1977). This could be accounted Cor by the 
disappearance of unsaturated fatty acids resulting from their 
peroxidation. 
1.25.0. Sulfhydryl Groups: 
Sulfhydryl (SH) groups are constituents of tissue 
proteins, enzymes, coenzymes, amino acids, serum proteins, 
and other compounds. The presence of sulfhydryl groups is 
essential for the functions of many enzymes and proteins; 
including those of membranes. These functions may be lost if 
the SH groups at the active sites are oxidized or altered by 
an agent. For the purpose of assay, the sulfhydryl compounds 
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are divided into soluble and insoluble forms. The soluble 
form consists of low molecular weight substances, including 
reduced glutathione (GSH), which are grouped as nonprotein 
sulfhydryls (NPSH). The insoluble form, grouped as protein 
sulfhydryls (PSH), comprises the SH group of enzymes, 
proteins and membranes. 
The NPSH compounds, particularly GSH, constitute a 
major pool of cellular reducing compounds, and may be 
important in determining the cellular redox state. 
Glutathione is a tripeptide (gama-glutamylcysteinylglycine) 
which is widely distributed among living cells. Its 
concentration in the cells may be appreciable, ranging from 
0.1 to 5 mM, but only a minor fraction of it may be in the 
oxidized (GSSG) form (Jocelyn, 1972). GSH and NPSH contribute 
to important biologic processes, including normal structure 
and function of cells. They participate in the activity of 
enzymes (Boyland and Chasseaud, 1969; Jocelyn, 1972; Flohe et 
al. 1974; Kosower and Kosower, 1976). 
GSH is thought to play specific roles in mitotic colls, 
and may therefore be essential for regenerating, repairing or 
proliferating systems (Kosower and Kosower, 1976). GSH is 
also thought to play protective role against free radical-
mediated or peroxidative damage (Little and O'Brien, 1968, 
O'Brien and Little, 1969; Chow and Tappel, 1972, 1973; 
DeLucia et al. 1972, 1975; Coffin and Stokinger, 1977). Other 
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NPSH compounds e.g. coenzyme A and lipoic acid (thicctic 
acid) are involved in acetylation and oxidative 
decarboxylation reactions respectively. 
In interactions with the biologic system, manv environ-
mental agents behave as metabolic inhibitors. A target of 
these agents are the sulfhydryl groups with which they t)ind, 
causing an inactivation of the related biochemical system. 
Binding of toxicants with SH groups may occur in three 
different ways; viz. oxidation to disulfide, mercaptide 
formation and alkylation of these reactions, alkylation is 
usually irreversible, and oxidation and mercaptide formation 
are reversible under favourable conditions. Another sole of 
GSH or NPSH is cellular detoxification. Several workers tuive 
reported specific reactions of GSH with foreign compounds 
(Boyland and Chasseaud, 1969, Jollow et al. 1974). This 
polypeptide consists of three amino acids (glycine, cysteine, 
glutamic acids) each one of v/hich is known to act as 
detoxifying agent (Harrow and Mazur, 1962). Participation in 
a variety of reactions is possible because GSH contains five 
potential ligands for complex formation with metal ions, :'U 
groups, an NH2 group, two COOH groups, and two popt.ae 
linkages (Kosower and Kosower, 1976). Since SH can [.rotocts 
lipids from oxidation, their oxidation would facilitate iijid 
and membrane damage. 
1.26.0 Lipid composition of plasma Membrane: 
The lipid fraction of most mammalian plasma nierrbiarcs 
usually comprises half ?i the total mass, the remainder be:rg 
occupied by membrane proteins. The lipids are mainly comporcc, 
of cholesterol, phospholipids, and to a smaller e;<tent glyc^-
lipids, usually ganqiiosides (Van Dcenen, 1965). 
1.26.1 Cholesterol in membrane: 
Sterols are common constituents of cell membranes. :f 
all the sterols found in mammalian membranes, cholesterol JS 
a major lipid constituent of many biological membranes, 
particularly abundant in the plasma membranes of some anipal 
cell, where it may constitute upto 30% of the total lipicls 
(DE Witt, 1977). Besides this major sterol, component, sn^ a^ i 
amounts of other sterols, like 7-dehydrocholesterol, lathor-
terols, cholesterol or desmostorol, are present m manmalian 
cell membranes (Werbin et al. 1962). Sterols were found -o 
have a large influence on the structure of monolayers 3nd 
model membranes. It is suggested that cholesterol plays m 
imiportant role in the permeability and osmotic fragility )f 
cell membranes (Bruckdorffr et al. 1969). 
It has been observed that incorporation of cholesterol 
decreases the permeability of phospholipids vesicles to Cl~ 
(Papahadjopoulos and Watkins 1967), to glucose (Demtl et dx, 
1968), and to monovalent cations (rapahadjopoulos el di. 
A/ 
1972). Fortheremoi o, it l.as been shown with bilayer mejibranes 
that the presence of cholesterol decreases the water perme-
ability (Finkelstein anu Cass 1967) and increases the elr-c-
trical capacitance and resistance (Papahadjcpoulos et al 
1972). Studies with mixed monomolecular films have indicated 
that the presence of cholesterol reduces the area occupifd 
by phospholipid molecules (Shah and Schuman 1967; Den--^ ] 
1967). Cholestero] can be stably incorporated into phospho-
lipid bilayers upto a molar ratio of 1:1 and even higher 
(Yeagle 1985; Ceilings and Phillips 1982). 
1.26.2 Phospholipid in Membrane: 
Phospholipids are the major lipid components of ttie 
cell membranes and control the movement of molecules across 
them. The phospholipids found in cellular membranes are of 
two genera] types- The niost common type, the phosphoglycer-
jdes include the phosphatic acids and their derivatives. Cnly 
small amount of free phosphatic acids are, however, present 
in cell membrane. Instead, the great majority of membiene 
phosphoglycerides aic derivatives of phosphotidic acids. '."he 
only membrane phosphacidic acids that are not derived ircm 
phosphatic acids are the sphingomyelin, which are present in 
plasma membranes of animal cells, particularly nerve ce^ls 
and erythrocytes. In general, the choline-contain:ng phospho-
lipids (phosphatidylcholine and sphingomyelin) account for 
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quite a subotan'c i r-;! iracLion of the total membrane' phosi'ho-
lipids (Approx, 50-60%). It is important to note that all the 
phospholipids in itierabranes, whether phosphog] ycer i des or 
sphingomyelins, are similar in general conformation ond 
charge; that is, they a.il contain two non-polar hydroca r; i.n: 
chains and a polar bnd. The polar ends of the phospholipi irj 
enable the molecrJes to orient themselves into sheats .^r 
micelles which can associate readily with proteins to forr 
lipoprotein complexes. Lipnds are of importance in the struc-
ture and function of cerebral membranes, as they are in feet 
for all membranes. Apart from this general role, certain 
phospholipids have been more specifically implicated i r. biai:: 
functiori. In the brain they account for 50 to 60% oi Lnt: 
brain total lip>"'dc. (Porcellati and Arienti 1983; Davison 
1970), The cJifferent functions of the nerve membrane iec;i..re 
specific lipids, hence the phospholipids may be of crucial 
importance in the control of the integration of any vector::;! 
process occurrin--, in these membranes. It is thicrefc're, 
relevant and impjortant to know the effect of nitrogen dio;<ico 
on phospholipids concentration in the plasma membranes of 
central nervous system. 
1.26,3. GangliosideG In Membrane: 
Gangliosides are localis^ed primarily in the cell rc.i-
branes (Karpova el: al. 1979) and usually account for most o. 
glycolipids present in the cell membranes (Van Deenen ]^o5) 
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Glycolipids appear to serve four general functions in mem-
brances; Stabilization; Shape determination; Recognition and 
Ion-binding. In generals, it appears that certain gjycolipid 
types carry out similar functions, wliether they are obs'^rved 
in animals, bacteria or plants. This can certainly be said 
for simple glycolipids (galactosyIceramide and glucosylcer?~ 
mide), (Curatolo 1977). Gangliosides also can serve as 
receptors for bacteria and a specific glycolipid complement 
on the surface of a particular cell type may serve rs a 
target for a particular bacterial strain. The functional 
role for tfiese glycolipids (gangliosides) in the nerve has 
been sought for many years. Gangliosides are likely to play 
a major role in the function of neural membranes because 
their concentration can be as high as 5-10% of the membrane 
lipid. An involvement of gangliosides in synapse function 
and growth of neurons is well established (Hansson et al. 
1977), The simple fact that neurons have a high ganglioside 
content is a strong indication tliat they are likely to play 
some important functional role in these cells-
1.27.0 Myelin: 
The myelin membrane forms a multilamellar pattern 
around axons of the central and peripheral nervous systems. 
This unusual membrane serves as an insulator, which allows 
fast saltatory conduction along the axon. Myelin is 
sheath that invests most' large nerv^ fibres. It is an 
extension of the plasma membrane of the cell which 
DU 
produccc it. nvolin is functioning as an insulator, enalJinn 
nerve conduction to bo considerably rrore rapid and enercet-i-
cally inor^  efficient. It is present in a] 1 parts of ':c 
central nervous system but, it is more concentrated in '.r^ jc 
composed mainly of fiber tracts, such as white niatter of t:,e 
brain and spinal coid. The mammalian brain white r.atter :s 
about ')0-60? myelin on a diy weight basis. Fven in the wic]c 
brain of the aduJl rat, myeJin is approximately one-fourth of 
the ciiy weight, and account for 40% or more of the totcl 
brain lipids (Noilon and Poduslo 1973). Spinal cord, wl 3 ! 
has moie white matter than brain, has more m>yelin than the 
whole brain (Norton 1981). The rapidly increased myelin 
content is closely related to increase in the brain weicrt 
(Smith et al . 1983). The myelin sheath differs from .^imp> 
plasma membiane in terms of; (i) Membrane moleculei 
organi 7at 1 fMi bt twcn the ol j godenorogl i al cell surface anc 
myelin lari e^l 1 ae; (ii) E,nzyme content when compared witn 
general cell surface meiror anes; (lii) Chemical composition, 
and (iv) botailcci chemical structure of the constituent lipi, 
aliphatic chain: (for rocks 1973; Svennerholm et al. 1978). 
Myelin ha: a luglier 1 ipid-to-protem ratio than the cthti 
subcellular fractions. The solids of myelin are 70 to 85'^  
lipids and IS to 30% protein. Highly purified lyophili/ec. 
myelin 1. a lluffy white powder which is distinguished Iron 
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other subcellular organelles in being almost completely 
soluble in choloroform - methanol (2:1). 
1.27.1 Lipid Composition of Myelin: 
The composition of myelin is atypical in many respects. 
Early estimates of the lipid composition of myelin depended 
upon comparisons of the lipids of white and gray matter 
(Brante 1949) , and analyses of brain tissue before during and 
after myelination (Johnson 1949). These investigators sug-
gested that the principal myelin lipids were cerebrosides, 
cholesterol (25-29%), sphingomyelin and phospholipid (40-45). 
Accordintj to Kichberg et al. (1969), cholesterol and cercbrc-
side are the principal brain myelin lipids, and among the 
phospholipids, phosphatidylethanolamine plasmalogen is uni-
formly predominant, accounting for one-quarter or m>ore of the 
total myelin phosphoglycerides. Substantial amounts of sphin-
gomyelin also occur. The phosphoinositides manifest the 
highest turnover rate of any other lipids in the CNS, bind 
Ca''"^  as well as myelin basic protein in vitro, and may L.e 
important structural component of the myelin sheaths. Li^ ici 
is deposited in the brain due to growth and myelinaticn 
(Waelsch et al. 1940 b; 1941). Total amounts of phospholip-
ids arc higher in white matter than in gray matter {Yasuoc. 
1937; Randoll 1938; Brante 1949; Johnson 1949). 
The myelin-cholesterol content is high (]8-28%), at)cut 
70% of the total brain cholesterol is present in the myelin 
(White ct al. 1978; Soto et al. 1966; Norton and Aut:iio 
1966; Richberg et al . 1964). The high cholesterol content 
results in an intermediate state of fluidity, and prevents 
the occurance of any lipid acyl chain transitions in the 
intact membrane (Linington and Rumsby 1981; Ladbrook 196h). 
Biosynthesis of cholesterol in the CNS is most rapid during 
the period of active myelination (growth). 
The lipid complement also contains a large amount of 
glycolipids, primarily galcotosylcerarndde (24%) and sulfatide 
(4%). The presence of small amounts of gangliosides has teen 
reported in purified bovine brain myelin (Norton and Autilio 
1966; Soto et al. 1966). Highly pure myelin fractions fiom 
rat brain were found to contain a relatively constant anount 
of total ganglioside NANA at all ages, but the distribution 
of individual major ganglioside changed markedly during 
maturation, such that the normal brain monosialoganglioside 
(GMj) became increasingly prominent (Suzuki et al. 1967). In 
adult aninid] GM^ makes up more tiian 90% of total ganglioside 
recovered in the myelin fraction, while in comprises only 
about 30% of whole brain ganglioside. Mammalian myelin 
contains gangliosides at concentrations ranging fron. 300 u^g 
to greater than 900 iig of sialic acid per gram of myelin, 
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depending on the species and the CNS regions. Spinal cord 
myelin has about half the ganglioside content of the brain 
myelin. 
1.28.0 Toxicity of Nitrogen Dioxide: 
Nitrogen dioxide as a common air pollutant, has 
indicated a rising trend over the past 20 years. Although 
many studies have examined the effects of nitrogen dioxide in 
animal models (Vassijyadi and Rense, 1909; Nisizawa ct al. 
1988; Mustafa et al . 1980; Port et al . 1977; Kavet and Bram, 
1974; Thomas et al. 1968) and pulmonary effects in human 
(Frampton et al . 1989; Bylin et al . 1988; 1985;Glausing tt 
al. 1906; Fisher ot al. 1985; Hunninghake et al. 1979; Melia 
et al. 1977; Kerr et al. 1978; Orehek et al. 1976; Hackney vt 
al. 1978; Shy et al. 1970), there is little information 
availatjJe at present concerning the biochemical effects of 
inhaicd nitrogen ciioxide on centra] nervous system of aninals 
(Ref. section 1.28.5). Nitrogen dioxide animal exposure 
studies have indicated that under certain conditions aniirals 
inhaling NO2 develop structural and functional changes in 
lung (Stephens et al. 1971; Rejthar and Rejthar 1975;Keri ot 
al. 1978), alternations in body's defence system (Pennington, 
1988; Fujimaki and Shimizu, 1981; Holt et al . 1979; National 
Academy of Sciences 1977), abnormal biochemical (Mustafa et 
al. 1980; 1984; Evans and Freeman, 1971), Physiologiral 
(SteuL)ing et al . 1989; Fenters et al. 1973) and enzvnatic 
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reaction ( Wright et al. 1988; Evans and Freeman, 198C; 
Davidson et al. 1967), increase in the development of ]jnc 
emphysema and cardiovascular diseases (Jacobs and Langdoc, 
1972) and an increased susceptibility to bacterial and viral 
infection (McGrath and Oyervides, 1985; Henry et al. 1969). 
Respiratory function impairment has also been observed m 
residents of poJluted areas (Speizer et al. J980; Reithar and 
Rejthar, 1975; Furvif; and Ehrlich). Furthermore the role of 
air pollutants in carcinogenesis, and mutagenesis lias also 
been intensively investigated, and several air pollutants 
have been identified as carcinogens or and mutagens (K'itch, 
1988; Hughes et al, 1980; Ames, 1979; Hoover, 1979; Stephens 
et al. 197]). Although nitrogen dioxide has not boon 
classified as such (Gardner, et al. 1977), some epidemiologic 
studies suggested that there is a relationship that exists 
between the increased incidence of cancer and amtnont 
concentration of nitrogen dioxide (nickey et al. 1970; Sprey 
et al . 1973) . 
However, as all living systems depend upon com^^ex 
biochemical processes, an understanding of those processes is 
essentia] tor assessing norma] or altered body mechanitps. 
Alterations in serum or tissue enzyn,e activity levels or :. jth 
resulting from short or long-term inhalation of nitre gen 
dioxide 5hou]d be a sensitive indicator of toxicity or of 
possitile tissue damage, particuJarly of CNS tissues. 
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1.28.1 First few Reports of Nitrogen Dioxide Toxicities: 
The history records toxicity of nitrogen dioxide since 
1804, when a merchant and his dog (in Lyon, France) were botn 
exposed to massive concentration of this gas, after several 
crates of nitric acid were broken in his shop, both of then 
died (Ramirez, 1974) -
In J 87 4, the first grain storage silo was built and 
unexplained deaths occurring in the silo complex were 
reported in 19]4. About 35 years later, it was noted that 
high concentration of nitrogen dioxide was present in silc, 
gas concentrations ranging from 200 to 4000 ppm have been 
observed (Lov/ry and Schuman, 1956). 
The importance of nitrogen dioxide as a cause cf 
pulmonary tissue damage has become widely recognized in th>e 
last 30 years also (Crowle 1959; Freeman and Kaydon 1964; 
Thomas et al. ]968, Buckley and Balchum, 1967; Kleinerman et 
al. 1976; Gregory et al. 1983; Frampton et al. 1989). 
1,28.2. Effect of Nitrogen Dioxide on Rate of Mortality: 
Nitrogen dioxide is highly toxic and can adversely 
affect the body if inhaled or if it cones in contiict v:ti 
eyes or skin. 
According to the National Institute for Occup.il ioii.jl 
Safety and Health (1978) exposure may cause severe brcathini^ 
difficulties which are usually delayed in onset and which may 
cause death. Recovery may be slow (2 to 3 v;eek) with pos£iC)lt 
relapse and ponsible petmanent lung damage. Pneumonia ray 
occur. Irritation of the eyes, nose, throat, and skin nay 
occur with acute exposures. 
The acute hazard of inhaling high concentrations of MCp 
is dramatized in the report by Wade et al. (1950) in whicn 90 
deatlis prior to 1930 and 47 deaths betv/een 1930 and 1949 wcic 
attributed to exposure to high concentrations of nitrojen 
dioxide. Mice expose continuously for 90 days to NO2 concen-
trations as low as 0.5 ppm and then immediately given a 
laboratory-induced infection had a significant increase m 
mortality rate (Ehrlich, 1966). Gardner et al . (1977) shov.od 
that intermittent or continuous exposure to 2.8 mg/m-^ of 
nitrogen dioxide (.1.5 ppm) significantly increased the 
niortaljty of mice challenged w]th streptococcus. Continue ^ 5 
exposure to concentrations of 1102 ^^ ^^^ ^^ ^-^ mg/r-^ ri^ y 
produce the same effect. NO2 exposure (0.6 ppm continuouflv 
for three months and after six months daily 6 or 18 br) 
before challenge by an infective agent has long been known tc 
increase moitality (Ehrlich and Henry, 1968). Schu] t ^ -Brauti 
(1930), in an extended investigation concerning death fror, 
nitrogen oxides, has pointed out similarity in poi&onirig r'\ 
these oxides to that of phosgene (Table 1.6) both m the tirt 
of appearance of symptoms and as also the sym.ptoms the-i-
sc]ves. P']{ Pol I I ct al, (J949) reported tliat tlie conccntr.-
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tion of acid formed by these compound is innocuous, their 
toxicity is due to their ability to acetylat.? essential lung 
constituents. A comparable reaction of nitrogen dioxide might 
account for this similarity of action between it an phosgene. 
Howeverf oxidative changes at the cell membrane might also 
account for the increased cell permeability. 
Latowsky et al. (1941), using five species of animals; 
cats, guinea pigs, mice, rabbits and rats, found that at 55 
ppm of nitrogen dioxide death might occur after two to three 
hours' exposure. Gray et al. (1954) reported that in a four 
hours' exposure pci'iod with dogs, death occurred at 65 to "5 
ppm and with rats deaths were observed at levels as low as 53 
ppm. However, for much lesser exposure time, Valada (19'^ 1^) 
has reported that minimum lethal dose for a half-hcur 
exposure for dogs, rabbits, guinea pigs and rats was of the 
order of 532 ppm. In acute experiments using cats and 
rabbits, Lehmann and Hasegawa (1913) found that at 340 to 410 
ppm levels death occurred in slightly over an hour's 
exposure. 
Tollman et al. (1941) concluded that nitrogen dioxide, 
inhaled in concentrations in excess-of 100 ppm (125 pprr) four 
hours per day, will eventually lead to fatal results. Also, 
Cooper and Tabej-shaw (1966) reported that concentrations of 
100 to 200 ppm for 30 to 60 minutes and 25 to 50 t pf" 
. O! 
hr, lead to fatal results to many animals species. Larsf.Ti el 
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al. (1979) concluded that excess mortality was proportional 
to the nitrogen dioxide concentrations multiplied by exposure 
duration raised to the 0.33 power. Furthermore, they have 
reported that NO2 affects mice much more than it affects man. 
Roehm et al. (1971) reported that letha] time for 50% of the 
population (LT-50) was 8.2 days for vitamin E-depleted 
animals and 18.5 days for those receiving vitamin E during 
exposure to O3 and NO2. They suggested that vitamin E appears 
to protect against the biological effects of photochemical 
air pollutants. Exposure for short periods of two hours to 50 
ppm nitrogen dioxide or for periods of one or two months to 
10 or 5 ppm, increases rate of mortality in squirrel monkeys 
when they were infected with Klebsiella pneumoniae (Henry et 
al. 1970), In mice, hamsters and squirrel monkeys exposed to 
varied concentrations of nitrogen dioxide, prior to infection 
challenge, the resistance of the test anim.als to the 
pollutant appeared initially to the related directly to 
animal size, with mice exhibiting the greatest mortality and 
monkeys the icast (Ehrlich et al. 1975). 
Azoulay et al. (1983) exposed different animals (rats and 
guinea pigs) to 2 or 10 ppm nitrogen dioxide from, five to 
sixty days. They found that rats are more tolerant than 
guinea pigs, but rat and guinea pig nev;borns were less 
affected than aduits. Jacobs and Langdoc (1972) studied the 
population and patterns of mortality in Charleston country 
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S:C. (U.S.A.)- It indicated that daily exposure to air 
pollution could result in excessive mortality rates among the 
general population. Preliminary data suggest that reduction 
in levels of air pollution can result in a decline in 
mortality rates among the exposed population. 
1.28.3. Effect of Nitrogen Dioxide on Organ and Body V/eight: 
Johnson et al. (1982) exposed beagle dogs to nitrogen 
dioxide at concentration of 70 ppm for six hours to simulate 
an accidental exposure. They reported an increase in lung 
v/eight of the animal. Kleinerman (1979) exposed hamsters to 
30 ppm NO2 for 22 h /day for three weeks, there was a general 
loss of the body weight and an increase in the lung weight. 
Arner and Rhoades (1973) exposed rats chronically to an 
average 2,9 ppm of nitrogen dioxide, 24 h. each day, five 
days a v/eok for nine months. They reported significant 
increase (12.7%) in lung wet weight of the rats after 
exposure to nitrogen dioxide. Blank et al. (1978) exposed 
rats to 40 ppm NO2 for five hours. They observed increased 
lung weight and lung weight:body weight ratio following 
exposure to nitrogen dioxide (Elsayed and Mustafa 1982). 
Kuraitis et al. (1981) exposed m.ice to 0.3 ppm of nitrogen 
dioxide for 8 h /day, 5 day a week for six weeks. There was 
a significant increase in spleen cell number, lymphoid 
nodules, a smaller increase jn the weight of the spleen, and 
an increase in the size of the spleen, lymphoid nodules, a 
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smaller increase in spleen cell number, and greater 
preponderance of red cells in the pulp. However, in some 
other studies it has also been reported that, nitrogen 
dioxide exposure did not significantly affect body weight 
(Campbell, 1976). Also, Vyskocil et al. (1985) exposed rats 
to 3,5 ppm UO2I continuously for one or two months, reported 
that prolonged exposure to 3.5 ppm nitrogen dioxide does not 
result in changes in hormone level, organ, and body v/eight of 
the animals, Messiha et al. (1983) exposed rats to 5 ppm NO2 
and reported little effect on body or liver weight from 
corresponding controls maintained on v/ater. Saari and Ayaz 
(1978), reported that vitamin E deficiency resulted in lower 
body weight by 18 months of age. Mice exposed to nitrogen 
dioxide at 1 ppm, or 0.5 ppm. increased this weight loss, Ayaz 
and Csallany (1978), exposed mice for 17 months to 1 ppm and 
0.5 ppm NO2. They reported that, the vitamin E deficient mice 
were further decreased by both concentrations of nitrogen 
dioxide. They also reported that of the several organ 
examined, only the liver in vitamin E deficient mice exposed 
to NO2 exhibited a decreased concentration of lipofuscin 
pigment, which has been postulated to indicate peroxidation. 
1.28.4 Effect of Nitrogen Dioxide on Blood: 
Experinicntal animals and man when exposed to nitrogen 
dioxide alone or in combination with other pollutants show an 
array of haematoiogica.1 perturbations, whose biological 
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significance is not apparent. Salamberidze (1969) exposed 
rats continuously to a nitrogen dioxide concentration of 0.1 
ing/in^  for 90 days, and found no change in the blood 
haemoglobin level or in the number of erythrocytes. A 7-day 
exposure to 0.9 mg of nitrogen dioxide per cubic meter of air 
resulted in a depression in GSH (reduced glutathione) 
peroxidase levels of red blood cells in guinea pigs, an 
effect not observed after exposure for four months (Henzel 
et al. ]977). Kosmider (1975) exposed guinea pig for 8 h/day 
for 120 days to 0,9 mg of nitrogen dioxide "per cubic meter 
and 0.07 mg of airimonia per m^. Animals exposed to NO2 and SO2 
with and without arnonia showed an increase in the leukocyte 
count, with relative lymphocytosis, alongwitb a decrease in 
the number of erythrocytes and the haemoglobin level. Mersch 
et al. (1973) exposed guinea pigs to 0.7 mg/m^ of nitrogen 
dioxide continuously for one week. Following exposure, the 
rod blood cell level of 3-diphosphoglycerate was 
significantly increased, a measure which could reflect tissue 
deoxygenation. Fenters et al . (1973) showed that exposing 
male squirrel monkeys to a nitrogen dioxide concentrations of 
1.9 mg/m3 continuously for six months had no significant 
effect on erythrocyte volume fraction values, or the levels 
of haemoglobin, total protein, globulins, chloride, sodium, 
calcium, potassium, glucose, blood-urea nitrogen, alanine 
aminotransferase, lactate dehydrogenase, and Jactate 
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dehydrogenase isoenzymes. Coate and Badger (1974) exposed 
monkeys to nitrogen dioxide concentrations of 9.4 and 18.8 
mg/m^ (5 and 3 0 ppn,) for 90 days but there was no direct 
effect on haematological parameters. Furiosi et al. (1973) 
exposed monkeys and rats to 0.3 mg of sodium chloride and 3.8 
mg of NO2 per cubic meter for 14 months, exposure to 
nitrogen dioxide, vith or without NaCl produced an increase 
number of erythrocytes wir.h reduced mean corpuscular volume 
and an approxim.atoly normal mean corpuscular haem.oglobin 
concentration. In monkeys and rats exposed to nitrogen 
dioxide, with or without sodium chloride, the ratio of 
neutrophils to lymphocytes was greater. Bloch et al. (1973) 
conducted several haematological studies on dogs exposed to 
nitric oxide and nitrogen dioxide. Nitric oxide changes in 
erythrocyte volume fraction values, viscosity, 
carboxyhaemoglobin or methaemoglobin were found. Ozone and 
nitrogen dioxide have been shown to exert additive effects on 
human red cell osmotic fragility, acetylclioi inesterase 
activity, and lipid peroxidation (Goldstein, 1976). Ozone 
also potentiates the methameoglobinaemic effect of nitrogen 
dioxide, particularly when ozone exposure precedes nitrogen 
oxide. 
In a continuous exposure of mice of 17 months; 
poroxidative effects o£ nitrogen dioxide were studied by 
Csallany and Ayaz (1978). Glutathione (GSH) peroxidates, 
which is believed to be protective against the free radical 
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chain reaction of peroxidation, was found to have depressed 
activity in ]ung, liver and blood at exposure of 1.0 ppm 
(1.880 jug/m^) but not at 0.5 ppm (940 jug/in^). in blood and 
lung, the effect was enhanced by a deficiency of djetary 
vitamin E, which is known to be protective against oxidants, 
whereas high concentrations of vitamin E increased the 
activity of GSH peroxidase. Menzel et al. (1977), exposed 
guinea pigs to 0.5 ppm (940 pg/m^) NO2 for 8 h.per day for 7 
days or 4 months to assess pcroxidative effects. They 
reported that short - term exposure depressed the red blood 
cell GSH peroxidase and increased red blood cell 
cholinesterasc and lung lysosomes. Long-term exposure 
depressed red blood cell GSH peroxidase and also depressed 
plasma enzymes. 
Posin et al• (1978), reported biochemical changes in 
young adult male humans after exposure to 1 ppm or 2 ppn^  
nitrogen dioxide for 2.5 - 3.0 h. They found decreased 
hemoglobin, hematocrit values and activity of the erythrocyte 
membrane enzym.e acetylcholinesterase at both doses of nitro-
gen dioxide. On the other hand elevation in the levels of 
peroxidized red blood cell lipids occurred after 2 ppm 
nitrogen dioxide exposure. They concluded that 
significant Lilood biochemical changes resulted froni nitrogen 
dioxide inhalation. Increment in the ratio of arachidonic 
ccid (20:4) to total fatty acid content and decrement in 
64 
palmitic acid (16:0) and/or stearic acid (18:0) in red-cell 
membranes of rats exposed to 4 ppm and 10 ppm nitrogen 
dioxide had been observed (Kaya and Miura, 1982). The ratio 
of unsaturated fatty acid was raised 1,25 and 1.33-fold, 
respectively. Arachidonic acid in serum also increased with 
a slight decrement in oleic (18:1) and linoleic (18:2) acids. 
The fatty acid composition of serum phosphatidylcholine 
paralleled serum fatty acid composition. Kosmider (1975) have 
reported that chronic exposure of guinea pigs to nitrogen 
dioxide caused a decrease in cholesterol and total lipid 
levels, in blood serum. Drozdz et al. (1976) exposed guinea 
pigs to nitrogen dioxide in a concentration of 2 mg/m^, 8 h. 
daily for a period of 180 days. They found decrease of total 
protein and seromucoid concentration in blood serum. On the 
electrophoritic examination of the serum proteins showed the 
increase of o( ^  and/^ globulins, and the lowering of albumin 
concentration. Also, changes in the level of glycoprotein 
fractions and protein bound carbohydrates in blood serum had 
been reported. Estimation of enzyme activity showed 
decrement of alanine and asparatate transaminase activity in 
blood serum caused by the strong decrease of the cytoplasmic 
fraction of these enzymes. However, the simultaneous 
enhancement of the mitochondrial fraction of transaminase 
activity and the lowering of the activity of cholinesterase 
also occurred. Ehrlich et al. (1975) exposed mice to 2 ppm or 
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0.5 ppm nitrogen dioxide, daily for one hour, five days a 
week, for three months. They observed significant decrease in 
concentration of serum IgH, IgG^ and IgG2 immunoglobulins. 
They also found the increase in <<, and ^ globins and the 
decrease of albumin concentration in serum. protein, 
alternation in the level of glycoprotein fractions and 
protein bound carbohydrates in blood serum of anima]. Drozdz 
et al. (1976) exposed guinea pigs to 1.1 ppm (2 mg/m-^ ) 
nitrogen dioxide, 8 h. daily for a period of 180 days. They 
reported a decrease of alanine and asparatate transaminase 
activity in bJood serum caused by the strong decrease of the 
cytoplasmic fraction of these enzymes. Also, the activity of 
cholinesterase and similar change of enzyme activity in liver 
of the animal have been reported. 
Rats exposed to 0.4, 1.2 and 4.0 ppm nitrogen dioxide 
for 13 weeks, shov/ed significant elevation in blood nitrate 
level at the first, third and eight v/eek of exposure. However 
the Na"*", K"*" - ATPase activity decreased slightly from the 
first week upon exposure to 4.0 ppm nitrogen dioxide and 
reached the minimum at the third week. An increase in the 
activity of the acid and alkaline phosphatase in blood serum 
of guinea pigs after exposure to 1 ppm nitrogen oxides for 
period o^ six months have also been observed (Kosmider and 
Misiewicz, 1973b). In another report they have reported and 
b6 
increase in serum alanine aminotransferase (ALAT) and aspar-
tate aminotransferase (AspAT) (Kosmider and Misiewicz, 
1973a) . 
Epidemiological investigations on human subjects 
chronically exposed to nitrogen oxides revealed a rise in the 
serum total lipid level accompanied by a rise in the level of 
Beta and gama-lipoproteins and a fall in alpha -lipoprotein. 
Clinical examination or workers exposed to nitrogen oxides 
showed that serum alanine aminotransferase and aspartate 
aminotransferase activities were reduced (Kosmider and Misie-
wicz , 1973a) . 
Due to nitrogen dioxide inhalation, blood looses its 
serum to the lung which causes marked concentration of blood 
v/hich has dark colour and clots poorly. Also, blood may be 
distinctly acidic following exposure to nitrogen dioxide 
(Thienes and Haley 1964). 
1.28.5 Neurotoxicity of Nitrogen Dioxide: 
Information regarding the effects of nitrogen dioxide 
on the Central Nervous System (biochemical and behaviour) is 
limited to a few studies. 
Tusl et al.(1973), exposed rats to a nitrogen dioxide 
concentration of 9.4 mg/m^ for 8 weeks. The influence of NO2 
on physical exertion (Swimming) was measured. By the fifth 
b7 
and sixth weeks of exposure, swimming performance had 
decreased by 25%. In rats exposed to 1.9 mg/m-^  nitrogen 
dioxide (Ippm) performance was maintained but with a slight 
tendency towards deterioration. Jakimcuk and Celikanov (19G6) 
reported that rats exposed to NO2 level at 0.6 mg/m^ (0.3 
ppm) for 3 months develop a delay in their conditioned 
reflexes to sound and light. Salamberidze (1969), exposed 
rats to 0.1 mg/m-^  of NO2 for three months but no effects on 
the central nervous system were demonstrated. Murphy et al. 
(1964) observed a 46% reduction in wheel running activity 
following a six hour exposure to 0.2 ppm of ozone and 20% 
reduction following exposure to 7.7 ppm nitrogen dioxide. 
Studies of the effects on sensory receptors of combined 
exposure involving nitrogen dioxide and other pollutants 
indicated that the effects of the test agents (sulfur diox-
ide, ammonia, sulfuric acid) when inhaled together, were 
additive in causing impairment of dark adaptation, changes in 
the odour perception threshold and changes in the amplitude 
of alpha rhythms, in the brain (Kornieko, 1972; Salamberidze, 
1967). Drozdz et al.(1975) have reported the effect of 
nitrogen dioxide on the enzyme activity in brain homogenate 
and the subsequent morphological changes in the CNS in 
chronically intoxicated guinea pigs. Their report shows an 
increase in the activity of enzymes involved in protein 
metabolism after exposure to nitrogen dioxide. In another 
bo 
study they reported decrement in the le%'els of barin malate 
dehydrogenase, adenosine triphosphotase, 5-nucleotidase, 
v/heroas, increment in the levels of fructose biphosphate 
aldolase, phosphocreatine kinase and cholinesterase occurred 
in guinea pigs after exposure to 1.0 mg/m-^  nitrogen dioxide 
for 180 days (Drozdz et al. 3974). Kosmider (1975) exposed 
guinea pigs to nitrogen oxides chronically and reported a 
decreased of magnesium and zinc in the liver and brain with 
simultaneous increase of magnesium excretion in the urine, in 
brain and liver homogenates alanine aminotransferase and 
asparate aminotransferase activities were decreased after 
exposure of guinea pigs to 1.0 ppm nitrogen oxides for a 
duration of six months (Kosmider and Misiewics, 1973b). 
Effects on the conditioned reflexes of the CNS and on the 
endocrine and reproductive systems of rats were observed. 
With increasing levels of exposure diminution of growth rate, 
loss of physical performance also occurred (WHO, 
1984) . 
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1.29,0 Objectives of the present study: 
Almost no city today can be said to be free from 
pollution. The most common air pollutants which escape into 
the air are carbon dioxide, hydrogen sulfide, sulfur dioxide, 
oxides of nitrogen,, hydrocarbons and their derivatives. 
Amongst the oxides of nitrogen, nitrogen dioxide is the most 
toxic (four to five times higher than NO). The level of 
nitrogen dioxide in some cities and industrial area is 
sometimes found to be upto 10 to 15 times higher than that of 
standard values for a number of days. Importance of this gas 
as a cause of pulmonary tissue damage is well known. It was 
predominantly responsible for the lung damage observed in 
silo workers. 
As there is little data relating to the effects of 
nitrogen dioxide on the CNS lipids, therefore, the present 
study v/as undertaken with the following main aims: 
i) Quantitative evaluation of the effect of nitrogen dioxide 
inhalation on the levels of total lipids, esterified fatty 
acids, free fatty acids, triglycerides, cholesterol, 
phospholipids, and gangliosides, in different CNS regions. 
ii) Quantitative evaluation of the effect of nitrogen dioxide 
exposure on the levels of total lipids, cholesterol, 
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phospholipids and gangliosides in myelin and Plasma membrane, 
in different CNS reqions. 
iii) Quantitative evaluation of the effect of nitrogen 
dioxide inhalation on the levels of total lipids, 
triglycerides, cholesterol and phospholipids in the serum of 
guinea pig. 
iv) Quantitative evaluation of the lipase activity in serum 
and different regions of guinea pig CNS, after nitrogen 
dioxide exposure. 
v) To evaluate the effect of nitrogen dioxide on the rate of 
lipid peroxidation and sulfhydryl groups (total, free, and 
protein bound sulfhydryl groups) in different regions of 
guinea pig CNS. 
vi) To find out the relationship, if any, between the 
alteration in serum and central nervous system lipids in the 
guinea pig following nitrogen dioxide exposure. 
ifBlatcrials! anb Jletljobff 
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2.0.0 Material and Methods 
Male adult guinea pigs, weighing 400-550 g were 
obtained from Central Animal House, J.N. Medical College, 
Aligarb Fuslim University, Aligarh. They were housed in 
individuals cages and fed a standard laboratory pellet diet 
(Hindustan Lever Ltd, India) and given water a.d libitum. The 
control and experimental groups consisted of equal nuir.ber of 
animals. The animals v/ere accl iniat i zed for two weeks in 
accordance with the recommendations of Behringer (1973). 
Light and dark cycle was controlled between 7 a.m. to 7 p.m. 
Anima] room were c-leaned daily to keep them dust free. Cages 
were washied and fresh food was supplied daily. Room 
temperature adjusted <'or 25 ± 3*-'C. The animals showing signs 
of disease were removed immediately after identification. 
2.1.0. Animal Exposure: 
For each part of study animals were taken in two 
separate groups (control and experimenta]). Control aninals 
v.'cre exposed to clean room air. The experimental animals were 
exposed to contaminated atmosphere of nitrogen dioxide, 2.5,5 
and ]n ppm, (at the doses, below, at, and above Threshold 
liriiited values level), 2 h. daily, for 35 consecutive days. 
Nitrogen dioxide was produce by action of concentrated nitric 
acid on copper chips, injected into the chamber through an 
air inlet pipe. The concentration of the gas inside the 
I 
exposure chamber \vaE continuously monitored by contrcfllinr 
the amount of liquid flowing into the gas flask, as describee-
by Silver (1946), Miller (1943) and Haider et al. (1981). 
Also periodically the concentration inside the chamber was 
checked according to v/ell known method of Saltzrnan (J954). 
Temperature was adjusted to 30 + 5°C, relative huniidity to 40 
+ 10% and pressure rernained constant (at room pressure minus 
1 Cm of H2O). The two hours' exposures began and ended at the 
same time each day. Figure No. 2-1 shows exposure chamber used. 
2.2.0 Blood Collection: 
Blood was drawn from a vein on the dorsal side of the 
ear, or collected by cardiac puncture during barbiturate 
anesthesia. Serum was ohitained from samples of blood collect-
ed in test tube by a clean, sterile and dry syringe. Due 
precautions to maintain asepsis and prevent haemolysis were 
observed. Blood samples were taken after 12 hours fasting 
state (overnight). 
2.2.1 Separation of serum 
Blood was a] lowed to clot at room temperature eiric the 
clot was retreated in due tine. Serum thus se{.£'rated \. £. ^  
transferred into another sterile dry test tube and 
centrifuged at 3,000 r.p.m. for ten minutes. The clear 
supernatant serum was pipetted off into another steriJe test 
tube for use. T'\'] the particular investigations w"ere done on 
the day of collection of serum. 
7J 
Figure 2.1- Photograph showing exposure chamber used 
for testing atmospheric pollutants by 
inhalation. 
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2.2.2 Dissection of the Parts of Central Nervous System and 
Organs of the Body: 
Ovcrnicjht fasted guinea pigs were scarified by 
decapitation. The brain, liver, lung, kidneys and spleen were 
dissected out and v/eighed to the nearest rni 11 igrarr.. The 
brain was dissected out into cerebral hemisphere, cerebellum, 
mid brain and spinal cord, as shown in figure 2.2. They were 
weighed to nearest milligram on a single pan electric 
balance. 
2.2.3 Chemicals and Reagents: 
Brain lipid standard, sodium bisulfite, N-acetyl-
neuraminic acid, thiobarbituric acid (TBA), Dithiobis-2-
nitrobanzoic acid (DTNB), DL-homocystein thiolactone 
hydrochloride anhydrous. Lipase substrate, Thymolphthalein, 
Triolein, Tris (hydroxymethyl) aminoethane, v/ere purchased 
from Sigma chemical Co. St. L.ouis, Missouri (USA). 
Resorcinol, and Silica Gel were imported from E Merck, V.'cr.t 
Germany. All other chemicals and reagents vv'ere of AnalyticiJ 
grade and purchased from E Merck, BDH, Bombay. 
2.3.0 Measurement of the Concentration of the Nitrogen 
Dioxide in Exposure Chamber: 
An air tight flask was filled with the saturated 
solution of a contaminant gas, then the gas generator was 
connected through a capillary tube to the flask and the gas 
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was produced. The solution in the flask was displaced fully 
by the gas and collected from the other capillary tube into a 
trough. A known quantity of the same liquid was transferred 
at a controlled rate from a graduated aspirator, placed at a 
height of 2.2 meter. The displaced gas was then ejected at a 
constant rate into an air stream by means of a bent tube, 0.8 
cm in diameter. The volume of the contaminant gas forced into 
the exposure chamber per hour was measured by the quantity of 
the liquid transferred from the graduated aspirator into the 
flask during the course of the experiment according to the 
method of Silver (1946). The concentration of the nitrogen 
dioxide was measured according to the method of Saltzman, 
(1954) . 
2.3.1 Calculation 
The calculations were based on formula as described by 
Linford, (1961). 
Q = 358.9 X C X E X d2 \ / h/p where, 
Q = Quantity of air discharge in cubic ft/hr. 
f ( • 
C = Coefficient of VJater = 0.604 
E = Value of approximate factor = 1.0328 
h = Water level difference between two arms of U tube 
manometer 
= 0 .9 = 0 . 9 / 2 . 5 4 = 0 .354 f t of 1120 
f - D e n s i t y of w a t e r = 0 .075 
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Substituting the values in formula: 
Therefore, Q = 358,9 x 0.604 x 1.0328 x 4 J 0.354/0.075 
= 1945.12 ft3/h. 
= 1945.12/60 = 32.41 ft^/min. 
= 32.41 /35.315 = 0.917 m^/min. 
= 0.917 X 106 = 917000 ml/ niin.= Quantity of 
ambient air entering into the exposure 
chamber. 
2.3.2 Calculation of Nitrogen dioxide in ppm, inside the 
chamber: 
(a) Maintaining 2.5 ppm: 137.5 ml of nitrogen dioxide was 
injected to the chamber per hour. 
Quantity of NO2 injected into the air stream per min 
= 137.5/60 = 2.292 ml/min. 
Total amount of NO2 present in exposure chamber 
= 2.292/10^ = 0.0002292 m^/min. 
917000 ml of ambient air contains 2.292 ml of NO2• 
10^ ml of ambient air = 2.292/0.917x10"^ = 2.5 ppm. 
(b) Maintaining 5 ppm: 275.1 ml of nitrogen dioxide was 
injected to the chamber per hour. Quantity of NO2 injected 
into the air stream per minute 
= 275.1/60 = 4.585 ml/min. 
Total amount of nitrogen dioxide present,„..in_. the exposure 
= 4.585/106 = P'fS'^ 5^4585 ""mVmitt^ chamber 
^°X^ogaV 
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917000 ml of ambient air contains 4.585 ml of NO2.IO6 ml of 
ambient air = 4.585/0.917x10"^ = 5/10"^ = 5ppm 
(c) Maintaining 10 ppm: 550.2 ml of nitrogen dioxide was 
injected to the chamber per hour. Quantity of nitrogen 
dioxide injected into the air stream per minute is equal to: 
= 550.2/60 = 9.17 ml/min. 
Total amount of nitrogen dioxide present in the exposure 
chamber = 9.17/10^ = 0.000917 ro^/min. 
917000 ml of ambient air contains 9.17 ml of NO2.10^ ml of 
ambient air = 9.17/0.917 x 10"^ = 10/10-6=10 ppm. 
2.4.0. Method of Analysis of Nitrogen Dioxide: 
Periodically measurement of the concentration of the 
nitrogen dioxide inside the chamber was carried out according 
to the method of Saltzman (1954) , as follows: 
2.4.1 Reagents: 
i) 0.1% N-(l-naphthyl) -ethylcnediamine dihydrochloride; 
Dissolve 0.1 g of reagent in 100 ml of double distilled water 
(DDW) 
ii) Nitrogen dioxide reagent (absorbing reagent): Dissolve 5g 
sulphanilic acid in 800 ml of DDW. Add 50 ml of glacial 
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acetic acid, 50 ml of the reagent as prepared in (i) and 
dilute to one liter. 
iii) Standard Sodium nitrite solution: Dissolve 150 mg of 
sodium nitrite in DDW and make up to one liter. 
iv) Working standard solution: A 10 ml aliquot (iii) is taken 
and made up to 100 ml and this solution was used as the 
standard. The calibration was carried out by taking varying 
aliquot volumes of the standard solution and making up to 50 
ml with absorbing solution. 
All reagents were prepared from analytical grade 
chemicals. They were stable for several months, when kept 
well stoppered and refrigerated in brown bottles. 
2.4.2. Procedure: 
The air sample were collected in evacuated bottles, 
containing 10 ml of the absorbing solution. After opening the 
stopcock on the evacuated bottle to admit the air sample, the 
bottle was shaken for 15 minutes to allow for complete colour 
development. The red-violet colour density was read 
calorimetrically at 550 nm after 15 minute period of 
absorption. These values were expressed as parts per million 
nitrogen dioxide. 
2.5 Extraction of lipids from discrete brain regions: 
According to the method of Folch et al.(1951) overnight 
fasted animals were sacrificed on the 35th day of the 
BO 
exposure, by cervical dislocation, followed by decapitation. 
The brains were removed as quickly as possible. The cerebral 
hemisphere, cerebellum, mid brain, and the spinal cord were 
dissected out rapidly on an ice-plate, and weighed to the 
nearest milligram on an electrical balance. 
2.5.1 Reagents: 
i) Chloroform - Methanol Mixture: Mix 2 vol. of chloroform 
and 1 vol. of methanol. 
ii) Normal Saline 0.9% NaCl: Take 4.5 g of sodium chloride in 
500 ml DDW. 
2.5.2. Procedure for extraction of lipids froir, discrete brain 
areas: 
Different parts of the brain (200-350 mg) were 
homogenized in a glass homogenizer to a final volume of 6 ml 
chloroform-methanol (2:1, v/v) according to the method of 
Folch et al. (1951). Each homogenate was shaken periodically 
for an hour and filtered through sintered glass funnel (G-4) 
under vacuum. The residue of each test tube was again 
homogenized with 2 ml chloroform-methanol and filtered. The 
test tubes were rinsed with fresh chloroform-methanol and 
again filtered; The final volume of each extract was made 
upto 10 ml with fresh chJoroform-methanol mixture. Thereafter 
2.5 ml of normal saline solution v;as added to the extract in 
each test tube (4:1, v/v). This was shaken vigorously on 
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cyclo-mixer for complete mixing, and placed at -20^0 in a 
deep freeze overnight for complete separation of the two 
layers. The junction of the two layers in each test tube was 
marked. The upper layer was used for the estimation of 
gangliosides. The lower layer was collected in stoppered 
tubes with the help of a syringe and stored at -20°C until 
final use. The test tubes in which the two layers were 
separated, were dried and the volume of the lower layer in 
each test tube was measured. This extract was used for the 
estimation of total lipids, esterified fatty acids, free 
fatty acids, triglycerides, cholesterol and phospholipids. 
2.6.0 Isolation of Crude Myelin and Plasma Membrane in 
central nervous system of guinea pings: 
Isolation of myelin and plasma membrane were carried 
out according to the procedure given by Farooqui et al. 
(1985) and Strosznajder et al. (1986). 
2.6.1 Reagents: 
i) Homogenization Medium: 50 mM Tris-HCl (PH 7.4) 
containing 0.32 M sucrose and 1 mM EDTA. 
ii) Gradient Solutions: (a) sucrose in deionized distilled 
water, in the range of 0.32 to 1.2 M. (b) Ficoll: 7.5 and 12% 
Ficoll in 0.32 M sucrose 
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iii) Deionized destilled water 
2.6.2. Procedure: 
The male cjuinea pigs were killed by decapitation and 
the entire brain removed. Different parts of the CNS (Cere-
bral hemisphere, cerebellum, iriid brain and spinal cord) were 
dissected and weighed to nearest milligrams. Finally, dis-
crete brain regions v;ere hom.ogenized in 15 ml of 0.32 M 
Sucrose-1 mM EDTA and 50 mM Tris - HCL (PH, 7,4), using six 
up and down strokes in a glass homogenizer fitted with a 
motor driven teflon pestle. The procedure used for 
subcellular fractions of brain homogenate was an adaptation 
of that of Farooqui et al. (1985) and Stioszna^der et a]. 
(1986), and is summarised in Fig No. 2.3. Al] operations were 
carried out at 0~4<^ C. A Remi C-24 high speed cooling 
centrifuge and a Dockman Spinco Ulteacentrifuge with a fixed 
angle and a swinging bucket rotor were used for the 
isolation. 
2.6.3 Analysis of Lipids: The membranes pellets were 
obtained after subcellular fraction, suspended in 2ml of 
normal saline. Lipids were extracted by adding to the 
membrane suspension 5 Vol. of chcloroform - methanol (2:1). 
This v/as shaken vigorously on cyclo-mixer for complete n.ixing 
and place at -20'^ C in a deep freeze overnight for complete 
separation of the two layers. The upper phase material was 
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Brain horaoqenates (15 ml of 0.32 M sucrose-1 niiM EDTA, 
(10% w/v) and 50 mM Tris-HCl, pH 7.4) 
Centrifuge at 
15 0 0 rpm (27 0 g) 
for 10 min 
Pallet 
(Pi) 
(debris) 
Supernate 
I Centrifuge at 
I 12,500 rpm (18,000 g) 
! for 20 min 
Pallet 
(P2) 
.Suspend in 10 ml, of 0.32 sucrose-Tris 
put on Ficoll gradient 
'centrifuge at 22,000 rpm for 20 min. 
I 
Supernate 
Centrifuge at 
14,000 rpm 
for 15 min 
Myelin 
Synaptosom.es 
Mitochondria 
0.3 2 M sucrose 
7.5% Ficoll in 0.32 M 
sucrose 
12% Ficoll in 0.32 M 
sucrose 
Supernate Pallet (P^: 
I (discard) 
iCentrifuge at 
118,000 rpm 
I (43,500 g) 
Ifor 20 min 
TniR 
0.32 \\ 
Separate fractions 
Resuspond mitochondria 
in 0.32 M sucrose 
Recentrifuge myelin 
and synaptosomes in 
0.32M sucrose-Tris 
Layered on 0.8M 
sucrose at 18,00 0 rpm 
for 2 0 min 
I 
Pallet (P4) 
(crude plasma 
membranes) 
layer on 0.8-1.2?; 
sucrose 
Centrifuge at 
22,000 rpm for 
3 0 min 
H 
Supernate 
Myelin 
0.8 M ^mJ 
Synaptosomes 
0 . 3 2 M 
0 . 8 M 
0 . 9 
1 .0 
1 .1 
1.2 
_ 
^ 
W//7M/ 
~ 
p l a s m a membranes 
(PM) 
\ 
Fig. No.2.3: Flow Sheet of the Isolation procedure of Myelin and plasma 
membrane. Time of centrifuge is given without acceleration and 
declaration. 
removed and used for ganglioside as described by pollet et 
al. 1978 and lower phase containing the lipid material was 
uses for total lipids, cholesterol, phospholipids analysis. 
According to VJoodman and Price (1972) ; Henly (1957) and 
Marinetti et al. (1962) respectively. 
2.7.0 Estimation of Total Lipids: 
Total lipids were estimated according to the method of 
Woodman and Price (1972). 
2.7.1 Reagents: 
i) Standard Solution: Standard solution of 0.5 mg brain 
lipids/ml of chloroform-methanol (2:1) was prepared by 
diluting 1.0 ml refrigerated stock solution (50 mg brain 
lipid/10 ml chloroform-methanol) in a 10 ml standard flask 
and made up the volume to 10.0 ml with chloroform-methanol 
(2:1, v/v). 
ii) Coloring Reagents: 6.Og potassium dihydrogen ortho-
phosphate and 0.3g vanillin were dissolved by heating in a 
100 ml volumetric flask and the volume was made upto 100 ml 
with double distilled water. 
iii) Cone. Sulfuric Acid, A.R. 
iv) Brain Lipids: Lipids were isolated from the anima] brain 
by the technique as described in section 2.5.2 (the 
Extraction of Brain Lipids). The extract was dried by vacuum 
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rotatory evaporator at 40°C and dried lipids were stored at 
O-S^C. 
2.7.2 Procedure: 
0.05 ml of duplicate brain extracts (or 0.1 ml sernm) 
and a duplicat'^ set of standard with 50 to 700 uy of brain 
lipids were taken in 18 x 150 mm cornim., dry test tubes. Tc^  
this was added 2.5 ml concentrated sulfuric acid and heated 
in boiliny water bath for 20 minutes. After cooliny, 5.0 ml 
coloring reayent was added and absorption was read at 530 nm 
exactly after 10 min. ayainst a reayent blank. 
2.7.3 Calculation 
Total lipids (my/y fresh weiyht) = (C x V)/(Vt x Wt) 
where, 
C = Concentration of lipids in uy in 0.05 brain extract 
(Volume taken into estimation) 
V = Total volume of the lower layer 
Vt = Volume taken for the estimation 
Wt = Fresh weiyht of the tissue in my. 
The above formula was used also for calculatiny the 
concentrations of phosijholipids and cholesterol. 
O.D- of sample 
Total lipids = x Cone, of std 
(my/dl of serum) o.D, of standard 
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2.8.0. Chromatographic Separation of the Lipid Constituents 
of the Extract: 
The lipids v;ere fractionated by thin layer 
chromatography on Silica gel G (Merck). The thickness of the 
layer was adjusted at 0,5 mm. Plates measuring 10 x 20 cm 
were used with hexane-diethylether-acetic acid (80:20:1), 
(Storry and Tuckley 1967). Approximately 500 ]ig of the total 
lipid extract was spotted about 2 Cm from the bottom left 
corner of the plate. Plates were activated before spotting. 
When the solvent moved two-third of the plate surface then 
the plates v/ere removed and well dried at room temperature. 
Lipids were detected by iodine vapour. The positions of the 
various lipids were separately characterized by comparison 
with lipid standards. After complete sublimation of the 
iodine from the plate, the areas of the individual lipids, 
were detected and recovered from the absorbent and were 
estimated individually by methods that are appropriate to 
each lipid class. Zones corresponding to the following 
constituents were resolved, from front to start, triglycer-
ides, fatty acid, free cholesterol and least mobile fraction, 
nam.ely the phospholipids. Figure number 2.4 shows separation 
of the lipid constituent of the brain regions b;^  TLC. 
2.9.0 Estimation of Esterified Fatty Acids: 
Esterified fatty acids were estimated according to the 
method of Stern and Shapiro (1953) as follows: 
8S 
2.9.1 Reagents: 
(i) Standard Solution: A standard solution of 4.0 yueq of 
triolein in alcohol - ether (3:1) was prepared by diluting 
1.0 ml of 1.0 meq stock solution (59 mg triolein/ Srr.l alcohol 
ether, 3:1) to the final volume of 10 ml with alcohol 
ether mixture. 
(ii) 2.0 M Hydroxylamine Hydrochloride (Solution I): 13.9 g 
of hydroxylamine hydrochloride was dissolved in double 
distilled water by diluting to 100 ml. 
(iii) 3.5 N Sodium Hydroxide (Solution II): 14.0 g of sodium 
hydroxide v;as dissolved in 100 ml DDW. 
(iv) Hydroxylamine - Sodium Hydroxide: It was made before use 
by mixing equal volume of solution I and II. 
(v) 0.37 M Ferric Chloride in 0.1 N HCl: The solution was 
prepared by dissolving 6.0 g FeCl3 in 100 ml 0.1 N HCl. 
J- (vi) 4.0 N Hydrochloric Acid Solution (approximately): It was 
prepared by adding one part of analytical grade concentrated 
hydrochloric acid to two parts of double distilled water. 
(vii) Alcohol-Ether (3:1) Mixture: Three parts of 95% ethanol 
was added to one part of ethyl ether (peroxide free). 
(viii) Peroxide Free Ether: This solution was obtained by 
adding a little hydroxylamine hydrochloride to the stock 
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ether bottle prior to distillation of ether. The ether used 
in the procedure was freshly distilled. 
2.9.2. Procedure: 
Brain extracts of 0.3 ml (or 0.1 ml serum) were taken 
in 16 xl50 mm screw capped culture tubes to dryness at room 
temperature. 3.0 ml aliquot of the alcohol-ether (3:1) was 
pipetted to each test tube and 1.0 ml of hydroxylamine 
hydroxide solution was added, the contents were mixed and 
allowed to stand for 20 minutes at room temperature. 0.6 ml 
of 4.0 N HCl and 0.5 ml of ferric chloride solution were 
added and mixed after each addition. A dark brown colour 
developed which was measured at 520 nm against a reagent 
blank. 
A calibration curve was drawn by using 0.1 to 0.9 ml of 
the standard solution (4.0 ueq/ml) and the volume was made up 
to 3.0 ml with alcohol - ether mixture and the procedure was 
carried out as described above. 
2.9.3.0 Calculation: 
Meq esterified fatty acid O.D. of unknown x meq of Standard 
in 3.0 ml aliquot = 
O.D. of Standard 
2.10.0 Estimation of Free Fatty Acids: 
Free fatty acids were estimated according to the method 
of Mosinger (1965) as follows: 
9U 
2.10.1 Reagents: 
(i) Standard of 0.25 mg palmitic acid/ml heptane was prepared 
by diluting 1.0 ml of refrigerated stock solution (25 mg 
recrystallized palmitic acid / 10 ml in heptane) into the 
final volume of 10 ml with heptane. 
(ii) Barbital phenol Red Reagent: The stock buffer indicator 
consisted of 1.0% phenol red (Sigma Chemical Co., U.S.A.) in 
0.12 M sodium barbital (0.25 g/10 m]). This solution was 
diluted before use. Nitrogen gas was passed in a mixture 
containing 50 ml absolute ethanol and 100 ml heptane. To this 
mixture 0.5 ml of buffer was added and mixed gently. 
(iii) Extraction Mixture: Isopropanol ~ Heptane - N -
Sulphuric acid (40:.10:1, v/v/v) . 
2.10.2 Procedure: 
In a stoppered test tube 0.5 ml brain extract (or 0.1 
ml serum), 5.0 ml of extraction mixture, 3.0 ml of heptane 
and 2.0 ml of double distilled water were added and shaken 
vigorously for 3.0 min. and allowed to stand for 30 minutes 
at room temperature for the complete separation of the two 
phases. Two milliliter of the heptane phase (upper layer) was 
pipetted into the 15 x 125 mm screw capped culture tube and 
was inerted by nitrogen gas, otherwise dissolved CO2 gives 
high value of the free fatty acids (FFA). Thereafter, 3.0 ml 
of barbital phenol red reagent was added. To avoid evapora-
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tion and interference from atmospheric CO21 the tubes were 
capped after addition of the reagent. The optical density 
values, which reached equilibrium quickly, were read at 560 
nm against pure heptane -ethanol as a blank. A calibration 
curve with different concentrations of palmitic acid (50-400 
ug) was drawn by treating simdiarly. To get a linear curve, 
the absorbance of the unknown samples was subtracted from the 
absorbance of the blank. By knowing the absorbance of the 
unknown sample, the concentration of the Free Fatty Acid can 
be calculated from the calibration curve. 
2.11.0 Estimation of Triglyceride: 
Triglyceride was assayed according to the method of 
Fletcher (1968), 
2.11.1 Reagents 
(i) Triolein Standard Solution: A standard of 3.0 mg/ml 
triolein in propanol was prepared by diluting 1.0 ml stock 
solution (300 mg triolein / 10 ml analytical grade isopropa-
nol) in a ]0 ml standard flask and made up the volume to 10 
ml with isopropanol. 
(ii) Zeolite Mixture: Fifty gram Zeolite (Imported from Sicma 
chemical Co. U.S.) was heated overnight at 110°C and n.ixed 
with 5.Og calcium hydroxide, 5.0 g Lloy'd reagent (hydrated 
aluminium silicate) and 2 . 5g copper sulphate. Th.e powder wore 
mixed well before use. 
92 
(iii) Potassium Hydroxide: Five percent KOH in isopropanol-
water (40:60, v/v) . 
(iv) Working Sodium Metaperiodate Solution: This working 
solution was prepared by diluting 12 nil "of stock solution 
(0.025 M sodium metaperiodate in 1.0 N acetic acid or 0.535 
mg sodium meta periodate in 100 ml of 1.0 N acetic acid) 20 
ml isopropanol and made up the volume to 100 ml with 1.0 N 
acetic acid. This solution was prepared freshly at the time 
of the use. 
(v) Colour Reagent: 0.75 ml acetylacetone and 2.5 ml isoprop-
anol were dissolved in 100 ml 2 M ammonium acetate, pH 6.0. 
This reagent was stored in the refrigerator in dark bottle 
and is stable for a month. 
2.11.2 Procedure: 
0.5 ml brain extracts (or 0.1 ml serum) were taken in 
50 ml volumetric flask, and 5.0 ml analytical grade 
isopropanol was added. The solutions were mixed well and 
2.0 g Zeolite mixture was added to each flask. The flasks 
were shaken on mechanical shaker for 15 min. and thereafter 
centrifuged at 4000 rpm for five minutes. One m] of the 
supernatant was mixed with 0.5 ml of 5% KOH, the tubes were 
incubated at 70°C for 15 min. After cooling one ml of the 
working sodium metaperiodate solution was added to each test 
tube and the solution mixed. Ten minutes after addition of 
yj 
periodate solution, 0.5 ml colour reagent was added, the 
solutions were mixed and tubes were incubated at 60 + 5°C for 
30 minutes. After cooling, the colour was read at 410 nm 
against a reagent blank. 
A calibration curve with different concentrations of 
triolein (50-200 pq) was obtained according to the same 
procedure as described above. The values were plotted by the 
least square method. 
2.12.0 Estimation of Cholesterol: 
Total cholesterol was estimated according to the method 
of Henly (1957) modified according to our laboratory 
condit ions. 
In this method ferric chloride is used as coloring 
reagent instead of acetic anhydride and sulphuric acids. 
2.12.1 Reagent: 
i) Cholesterol Standard Stock Solution: 200 mg pure choles-
terol dissolved in chloroform in 1000 ml volumetric flask (20 
mg in 100 ml) . 
ii) Working Standard of Cholesterol: Take 1 ml stock choles-
terol solution standard in 10 ml volumetric flask add chloro-
form till the mark. 
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iii) Ferric Chloride Solution: Dissolve 0.5 g FeCl3 . 6H2O 
in glacial acetic acid in 1000 inl volumetric flask, adjust 
the volume. 
2.12.2 Procedure: 
Take 0.05 mi of duplicate brain extract and duplicate 
set of standard of brain cholesterol in a dry 18 x 150 mn' 
test tube, heat the tubes in water bath to evaporate the 
solvent, cool and add to it 6 ml of ferric chloride, mix and 
centrifuge at 3000 rpm for 10 minutes. Takes 5 ml of the 
filtrate heated in boiling water bath for one minute, cool at 
room temperature. Then add 5.0 ml of concentrated sulphuric 
acid to each tube and mixed at once. After ten minutes read 
at 560 nm against a blank. 
Standard sets were used for calibration curve and the 
values of the standard curve were plotted by least square 
method. 
2.12.3 Calculation: 
Used the formula as given for total lipids (in section 
2.7.3), for total cholesterol (mg/g fresh tissue). 
2.13.0 Determination of Serum Cholesterol: 
Serum cholesterol was determ.ined according to the 
method of Zlatkis, Zak and Doyle as modified by Henly (1957). 
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2.13.1 Reagents: 
i) Acetic acid, AR. 
ii) Sulphuric acid, AR. 
iii) Stock cholesterol solution: A 1 mg per ml solution in 
pure acetic acid (Dissolve 100 mg pure choJesterol in 100 ml 
of acetic acid). 
iv) Cholesterol standard solution: 0.04 mg/ml. Dilute 4.0 ml 
of stock cholesterol solution to 100 ml with ferric 
chloride-acetic acid solution. Cholesterol solution are 
stable in cool dark place. 
v) Ferric chloride-acetic acid solution: A 0.05 percent 
solution of AR ferric chloride-acetic acid reagent, in pure 
acetic acid. (Dissolve 50 mg Fe CI3. 6H2O in AR. acetic acid 
upto a volume of 100 ml.). 
2.13.2 Procedure: 
Add 0.1 ml of serum to 10.0 ml of ferric 
chloride acetic-acid reagent in a glass-stoppered centrifuge 
test tube. Mix well and keep for 15 minutes. Centrifuge to 
separate the precipitate and transfer 5 ml of the supernatant 
to a dry clean test tube. Into two other test tube add 5.0 ml 
of ferric chloride-acetic acid reagent (the blank) and 5.0 ml 
cholesterol standard, respectively. To each test tube add 3.0 
ml of sulphuric acid. Place stoppers in the tubes tightly and 
mix the contents of each tube thoroughly by repeated 
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inversion. Carefully loosen the stoppers and set the tubes 
aside for 25 minutes for full colour development. Measure the 
colours against the reagent blank in a spectrophotometer at 
560 nm. 
2.13.3 Calculation: 
Milligram of cholesterol per 100 ml of serum 
Absorbance of Sample (U) 100 U 
^ X X 0.04 = X 80 
Absorbance of Standard (S) 0.05 S 
2.14.0 Estimation of Phosphate: 
Phosphate was estimated according to the method of 
Fiske and Subbarow, as described by Harinetti et al. (1962). 
2.14.1 Reagents: 
i) Standard solution: A standard of 0.01 mg inorganic phos-
phate/ml was prepared by diluting 5.0 ml refrigerated stock 
solution (0.439 g KH2 PO4/ 500 ml DDW) in a 100 ml standard 
flask with DDW. 
ii) Perchloric acid 70% A.R. 
iii) Ammonium molybdate solution: 2.5% in DDW was prepared 
by heating in water bath. 
iv) Reducing Reagent: Reducing reagent was prepared by 
dissolving 3.0 g sodium bisulfite (Sigma Chemical Co. USA), 
0.6g sodium suJfite and 0.05 g recrystallized l-amino-2-
naphthol-4-sulphonic acid (ANSA) in 25 ml DDW. A slight 
yellow coloured solution was obtained, stored in amber 
coloured bottle. The colour is stable for a week at the roor' 
temperature (25-30^0 . 
v) Recrystallization of ANSA: 15.0 g sodium metabisulphite, 
1.0 g sodium sulfite (anhydrous) and 1.5 g crude ANSA were 
dissolved in 100 ml DDW by heating on the boiling water bath. 
Hot solution was filtered through the filter paper. 1.0 ml 
cone. HCl was added in the filtrate and stirred. Precipitate 
v;as filtered with suction pump and washed v/ith about 30 ml 
DDW and finally with alcohol till washing was colourless. 
This purified ANSA was dried in oven at 100°C for one hour 
with the least possible exposure to light and was transferred 
to amber coloured bottle. 
2.14.2 Procedure: 
0.2 ml of duplicate brain lipid extract (Lower layer) 
was placed in 18 x 150 mm corning test tubes and all the 
solvent was dried up by heating on a boiling water bath. 
Added 1.0 ml AR grade 70% perchloric acid to the samples and 
heated on a digester for 30 min. or until the sample became 
clear. After complete digestion, samples were cooled to room 
temperature. Thereafter, 1.5 ml ammonium roolybdate, 0.2 ml 
reducing icagent and 7.0 ml DDVJ were added with vigorous 
shaking after each addition. The test tubes were heated on 
boiling water bath for 7 min. After 30 min., the colour 
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intensity was road at 700 mm. A calibration curve was 
prepared with 1 ug to 7 ug of phosphorus and 1.0 rrl 
perchloric acid. Blank was prepared with 1.0 ml perchloric 
acid a]one . 
2.14.3 CaJculation: 
The absorption is a ]inear function of the phosphorus 
content and the amount in unknown sample can be calculated by 
direct proportion with the absorbance obtained for the 
standard. The amount of the phospholipid was ca]culated by 
multiplying with a factor of 25. 
2.15.0 Estimation of Gangliosides: 
Gangliosides were estimated accordirig to the method of 
Pollet et al. (1978), as follows: 
2.15.1 Reagents: 
i) Standard Solution: A standard solution of 100 ug N-acetyl 
neuraminic acid (Sigma Chem. Co., USA) /ml DDV7 was made by 
diluting 1.0 ml of the refrigerated stock solution (10,0 mg 
N-acetyl neuraminic acid dissolved in 10.0 nil DDW) to the 
final volume of 10.0 ml with DDW. 
ii) Resorcinol Reagent: It was prepared by mixing 10.0 ml of 
3% resorcino] solution in DDW, 80 ml cone. HC], 0.25 m] 0.1 M 
copper sulfate and DDW upto 100 m]. 
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2.15.2 Procedure: 
To 2.0 m.l of the upper layer of the lipid extract, 2.0 
iril of resorcinol solution was added. The test tubes were 
heated on boiling water bath for 30 min. After cooling, 5.0 
ml of mixture of n-butyl acetate-n-butanol (85:15, v/v) was 
added to each tube. The tubes were shaken thoroughly and kept 
for 15 min. to separate the organic phase. About 3-4 ml of 
the organic phase was taken and the absorbance was measured 
at 580 nm against a reagent blank. A standard curve with 
different concentrations of N-acetyl neuraminic acid (5-30 
ug) having 2.0 ml final volume of DDW was prepared by the 
similar procedure. 
2.15.3 Calculation: 
Ganglioside (mg/g fresh wt.) = C x V/ Vtx Wt where, 
C = Concentration in ug in 2.0 mi extract 
V - Total volume of the upper layer 
Vt= Volume taken for the estimation 
VJt= Fresh weight of the tissue in mg. 
2.16.0 Estimation of Total Sulfhydryl Groups: 
Total sulfhydryl groups was estimated according to the method 
of Sediak and Lindsay (1968) . 
2.16.1 Reagents: 
i) Standard solution: A standard solution of 2 x 10"3 M of 
reduced glutathione (GSH) was prepared by dissolving 6.146 mg 
100 
of GSH in 10 ml of 0.02 M ethylenediairdnetetra acetic acid 
(EDTA). 
11 ) 0.15 M Kcl: 2.237 g Kcl dissolved in 200 ml DDV;. 
iii) 0.2 M Tris buffer in 0.02 M EDTA, (pH 8.2): 2.423 g tris 
and 0.744 g EDTA were dissolve in IOC ml DDW, Adjust the PH 
with li^  HCl. 
iv) 0.01 M 5,5'-c]ithiobis- 2 nitro-benzoic acid (DTNB) : A 
0.01 M solution of DTNB was prepared by dissolving 99 mg of 
DTNB in 25 ml of absolute methanol. 
v) Absolute methanol. 
2.16.2. Procedure: 
Various parts of brain were homogenii;ed in chilled 
0.15M Kcl and 'che volume was adjusted to give a 10% w/v 
homogenate. To 0.1 ml of brain (10%) hom.ogenate, 1.5 ml of 
0.2 M TrJs buffer was added. The mixture was shaken and made 
to 10 ml with 8.3 ml of absolute m.ethanol. The reaction 
mixture was centrifuged at approximately 6,000 rpm for five 
minutes in cold. The absorbance of the clear supernatants was 
read at 412 nm. A calibration curve with different 
concentrations of GSH (41.46 to 49.68) was obtained according 
to the, same procedure as described above. The values were 
plotted by least square method and expressed as umoles per 
gram of tissue. 
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2.17.0 Estimation of Free Sulfhydryl Groups (Non-protein bound 
sulfhydryl): 
Free sulfhydryl groups was determined according to the 
method of Sedlak and Lindsay (1968) . 
2.17.1 Reagents: 
i) standard solution: A standard solution of 2 x 10"^ M of 
GSH v/as prepared by dissolving 6.146 mg of GSH in 10 ml of 
0.0 2 M EDTA. 
ii) 0.15 M KCl: Dissolved 2.237 g KCl in 200 ml of DDW. 
iii) 10% Trichloroacetic acid (TCA): 10.Og of TCA dissolved 
in 100 ml of DDW. 
iv) 0.4 H Tris buffer in 0.02 EDTA, (PH 8.9): 4.846 g. tris 
and 0.744 g EDTA vvcre dissolved in 100 ml DDW. Adjust pH with 
IN HCi. 
v) 0.01 M DTNB: Dissolved 99 mg of DTNB in 25 ml of 
absolute methanol. 
2.17.2 Procedure: 
Different parts of brain and spinal cord were 
homogenized (10% w/v) in chilled 0.15 M KCl. One mi H i lit re 
of brain (10%) homogenate was deproteinized by adding 1 ml of 
10% TCA and centrifuged at approximately 6,000 rpm at room 
temperature for 15 minutes. 0.5 ml of aliquot from cl?ar 
supernatant was mixed with 0.5 ml DDW. Thereafter, 2 ml of 
0.4 M tris buffer and 0.1 ml DTNB were added to it with 
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through stirring. The absorbance was read within five minutes 
of the addition of DTNR at 412 nm against a reagent blank 
with no homogenate. 
2.18.0 Determination of Protein bound Sulfhydryl Groups: 
Protein bound sulfhydryl groups was calculated by 
substracting the non protein bound sulfhydryl groups from 
total sulfhydryl groups, according to the methods of DeLucia 
et al. (1975) and Sedlak and Lindsay (1968). 
2.19.0 Determination of Rate of Lipid Peroxidation 
The amount of malonaldialdehyde formed/30 min. during 
lipid peroxidation was estimated according to the procedure 
of Utley et al. (1967), as described below: 
2.19.1 Reagents: 
i) 0.15 M Potassium chloride: 2.237 g KCl dissolved in 200 ml 
DDW. 
ii) 10% (w/v) Trichloroacetic acid (TCA): 10.0 g TCA 
dissolved in 100 ml DDW. 
iii) 0.67% 2- thiobarbituric acid (TBA) : This v^ as prepared by 
dissolving 0.67 g TBA in 25-50 m] DDW by adding two pallets 
of NaOH. The pP! of the solution was adjusted to 7.2 with the 
help of IN HCl and the volume was made upto 100 ml with DDW. 
2.19.2 Procedure: 
Different parts of the brain were horriogenized (10%, 
w/v) in chilled 0.15 M KCl. One ml of each homogenate was 
IOJ 
taken in a 25 ml conical flask and incubated at 37 + 1°C in a 
metabolic shaker (120 strokes/rain, amplitude 1 cm) for 2 
hours. Thereafter, .1.0 ml of the same homogenate was pipetted 
in centrifuge tubes and protein was precipitated by adding 
1.0 ml of 10% TCA. After incubation, 1.0 ml of 10% TCA was 
added to each sample and both the incubated as well as non-
incubated samples were centrifuged at 3000 rpm for 10 min. 
One ml of the clear supernatant was mixed with 1.0 ml of 
0.67% TDA and 1.0 ml DDW and the tubes were placed in a 
boiling water bath for 10 min., cooied and the absorbance of 
the colour was measured at 535 nm. 
2.19.3 Calculatir.r> 
Lipid peroxidation was calculated by using the 
following formula: 
A O D X 3 0 X 1000 X 1000 x 1000 x 3 x 2 
1.56 X 100000 x 1000 x 180 
i\OD X 10 
or X = 
1.56 
where, X = nanomoles of malonaldialdehyde formed/ 30 min. 
K OY) •= Change of optical density at zero hour and 3 hour 
incubation of the same sample. 
2.20.0 Determination of Lipase Activity 
The activity of lipase was measured by the method of 
Tietz and Fiercck (1966) in various regions of the brain ay 
described belov/: 
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2.?.0.1 Reagent: 
i) Lipase substrate (Sigma Chemical Co.) : (a) It contained 
50% olive oi-l (v/v) and codiuni Aeide 0.]% as preservative. It 
was kept in a refrigerator at 4°C and shaken thoroughly 
before use. 
(b) Olive oil emulsion: Emulsion prepared according to 
this method was found to separate into oil and water phase. 
Instead 7 g of gum acacia was thoroughly mixed with 14 ml 
DDW. Then 14 g olive oil was emulsified dropvise in a marba] 
pastel-mortar. To this was added 14 ml DDW and again mixed 
throughly with addition of sodium ben^oate as preservative. 
It was kept in refrigerator at 4°C and shaken thoroughly 
before use. 
ii) Trizma Buffer; Reagent grade tris 0.2M (hydroxymethyl) 
aminoethane (Sigma Chemical Co.) dissolved in double 
distilled water, pH 8.0 at 25^0 and sodium azide (0.1%) as 
preservative. It was stored at room temperature. 
iii) Thyinolphthalein Indicator Solution: 0.9% thymolphthalein 
(w/v) in ethano] . 
iv) Ethyl alcohol, 95% 
v) 0.05 N, Sodium hydroxide. 
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2.20.2 Procedure: 
Various parhs of the brain were homogenized (10%, w/v) 
in chilled 0.15 M potassium chloride. The homogenates were 
centrifuged at 5000 rpm for 20 minutes. Thereafter, one ml of 
the supernatant of each part of the brain was pipetted in a 
50 ml conical flask marked 'BLANK' and was placed at 0°C for 
three hours. Then two sets of the test tubes were taken, one 
set was marked 'TRST' and other as 'BLANK'. One ml aliquot of 
each part of the brain was taken only in the set of test 
tubes marked 'TEST'. Thereafter, into both sets of test tubes 
(TEST and BLANK) were pipetted 3.0 ml of lipase substrate, 
1.0 ml of trizma buffer and 2.5 ml of double distilled water. 
Sets of both test tubes were placed in a constant water bath 
at 37°C for incubation for three hours. After the incubation, 
contents of the test tube (TEST) were poured into 50 ml flask 
and marked 'TEST'. The contents of the test tube (BLANK) were 
poured into the 'BLANK' flask which was kept at 0*^ C. Sets of 
both test tubes were rinsed v;ith 3.0 ml alcohol and poured 
into their respective conical flasks. To both sets of the 
flasks, 6 drops (0.25 ml) of thyinolphthal ein indicator were 
added and titrated with 0.05 N NaOB to a light blue colour. 
2.20,3. Calculation: 
Volume (ml) of NaOH used for TEST-Volume (ml) of NaOH used 
for BLANK = S 
]0o 
Brain Lipase activity in International Unit per grair. (lU/g) 
S X 10 X 0.2 8 - S X ]0 X 0.28 
Brain lipase (lU/g) = S x 2.8 
Whore, 0.28 a multiple factor. 
2.21.0 Calibration of Standard Curves: 
The standard curves of different known concentrations 
of the totai lipids, free fatty acids, esterified fatty 
acids, cholesterol, phospholipid, gangliosides, total 
sulfhydryl groups, and free sulfhydryl groups were calibrated 
against their optical densities, respectively. The 
concentrations of the afore-mentioned parameters were 
calculated from the individual standard curves. 
^tMti 
107 
3.0 RESULTS 
3.1.0 Physical Observation and Behavioural Changes in Guinea 
pig Following Nitrogen Dioxide inhalation. 
3.1.1. Behavioural Abnormalities: 
AniniaJs exposed to nitrogen dioxide (5 and 10 ppm, 
2h/day, for 35 days) exhibited behavioural abnormalities such 
as circling, hyperactivity, head twitching and erection of 
hai r . 
3.1.2. Effect of NO2 on Organ/Body Weight; 
VJheri Lhe animals were exposed to nitrogen dioxide, i 1: 
was observed that their food intake was lesser as compared to 
the control group. Accordingly, their body weight decreased 
with increasing nitrogen dioxide concentrations (table-3.1). 
At 5 and 10 ppm NO2, significant increment in the lung wet 
weight was observed (P < 0.001). However, at 2.5 ppm dosing, 
there was an insignificant increase in the lung wet weight. 
On the other hand, size and weight of the spleen was found to 
be jncreased significantly at 10 ppm NO2 inhalation (P < 
0.01). No change was observed in the brain, liver, and kidney 
wot v/eight in tlie experimental groups (2.5,5 and 10 ppm 
nitrogen dioxide exposure as compared with control group 
(table-3.] ) . 
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3.1.3. Effect of NO2 on Rate of Mortality: 
As far as the rates of mortality is concerned, it v/as 
found to increase with increasing dosage. There was 14.3% 
mortality at 10 ppm NO2 exposure, however, there was no 
mortality at 2.5 and 5 ppm nitrogen dioxide inhalation. 
The blood of nitrogen dioxide intoxicated animals was 
found to be more viscous as compared with the control group. 
3.2. 0 Effect of Nitrogen Dioxide (5 and 10 ppm) on the Serum 
lipid Profiles of Guinea Pig. 
The data em^bodied in tables-3.2 and 3.3 depict the 
results of exposure of guinea pig by 5 and 10 ppm NO2r 
2h/day for 35 days. Five part per million nitrogen dioxide 
caused significant depletion of total lipids, free fatty 
acids, cholesterol and phospholipids (P<0.U1, <0.05,<0.05, 
<0.02) respectively. However, when the concentration of the 
nitrogen dioxide was increased to 10 ppm, significant de-
crease in the levels of total lipids, triglycerides, free 
fatty acids, cholesterol, phospholipids, and C/P ratio 
(P<0.001, <0.02, <0.01,<0.001, <0.001, <0.05) occurred re-
spectively. 
3.3.0 Effect of Nitrogen Dioxide Inhalation on Lipoprotein 
Lipase: 
Lipoprotein lipase activity showed significant 
increment (P<0.001) at both the doses (5 and 10 ppm). 
10:^  
However, when the dose was increased to 10 ppm the percent 
change also increased from 26.52% to 69.61% (tables-3.2 and 
3.3) . 
3.4.0 Effect of NO2 (2.5, 5 and 10 ppm, 2 h/day, for 35 days) 
on the Lipid Profiles of CNS of Guinea Pig: 
The data embodied in tables-3.4 to 3.29 represent the 
dose-dependent alterations of total lipids, esterified fatty 
acids, free fatty acids, triglycerides, cholesterol, phospho-
lipids, C/P ratio, and gangliosides in different regions of 
the CNS of guinea pig, following exposure to three different 
doses (2.5, 5 and 10 ppm) of NO2, two hours daily, for 35 
consecutive days. The levels of free fatty acids, 
triglycerides, cho]esterol, and phospholipids have been 
analysed before and after separation by Thin Layer 
Chromatography (TLC). Also, the levels of total lipids 
cholestrol, phosoplipids and C/P ratio in myelin and plasma 
membrane fraction assayed. 
3.4.1. Total Lipids: 
Table-3.4 shows that at the dose of 5 ppm nitrogen 
dioxide, the level of total lipids, significantly decreased 
in cerebral hemisphere (P<0.001) cerebellum, mid brain and 
spinal cord (P<0.01). However, when the dose of nitrogen 
dioxide increased to 10 ppm, total lipids level decreased 
more significantly in all the aforementioned regions 
(P<0.001). The distinct decrease was observed in cerebral 
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hemisphere (-39. 81%) . At 2.5 ppni NO2 inhalation no signifi-
cant change observed. 
The data embodies in tables 3.5 and 3.6 show that the 
levels of total lipids of myelin fraction and plasma 
membrane significantly decrease. At 5 and 10 ppm the level of 
total lipids significantly decreases in cerebral hemisphere, 
cerebellum, mid brain and spinal cord (P<0.001). Furthermore, 
total lipid levels of plasma membrane in cereberal hemi-
sphere, cerebellum, mid brain and spinal cord showed signifi-
cant depletion (P<0.001; 0.001; 0.01;0.01) respectively. 
Moreover, at 10 ppm nitrogen dioxide, highly significant 
decrement was observed in all the above regions (p<0.001). 
3.4.2. Esterified Fatty Acids: 
At the dose of 2,5 and 5 ppm NO2 exposure the level of 
esterified fatty acids (table-3.7) showed no significant 
change in cerebral hemisphere, cerebellum, mid brain and 
spinal cord. While, at 10 ppm nitrogen dioxide inhalation, 
significant decrement was observed in cerebral hemisphere, 
cerebellum, and mid brain (P<0.05). Mid brain shows maximum 
decrease in the level of esterified fatty acid (-17.36%). 
3.4.3 Free Fatty Acids: 
The concentration of free fatty acids (table-3.8) was 
found to decioase in cerebellum (P<0,05), while no 
I l l 
significant change v/as observed in cerebral hemisphere, mid-
brain and spina] cord, at 5 ppm NO2 exposure. At 10 ppm 
nitrogen dioxide, the free fatty acids content decreased 
significantly in cerebellurn (P<0,001), and mid brain 
(P<0,01). However, the level of free fatty acids in spinal 
cord showed significant increase at 10 ppm NO2 inhalation 
(P<0.01). A maximum decrement was found in cerebellum (-
22.01%) and increane in spinal cord (8.0%). 2.5 ppm NO2 
exposure had no significant effect on cerebral hemisphere, 
cerebellum, midbrain and spinal cord. 
3.4.4. Triglyceride: 
Table-3,10 shows that at the dose of 5 ppm, the level of 
triglycerides significantly decreased in cerebellum (P<0.02), 
while no change occurred at this dose in cerebral hemisphere, 
mid brain and spinal cord. When the dose concentration was 
increased to 10 ppm, significant decrement occurred in 
cerebral hemisphere (P<0.05) and highly significant depletion 
in cerebellum (P<0.001). Moreover, spina] cord showed 
significant increment (P<0.01). Nitrogen dioxide at 
concentration of 2.5 ppm, showed no significant change in the 
above mentioned brain moities. Maximum decrement and 
increment were in cerebellum (-9.85%) and spinal cord (8.46%) 
respectively. 
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3.4.5. Cholesterol: 
The levels of cholesterol (table-3.12) indicate that, 
at 2.5 ppm NO2 exposure, no significant change occurred, but 
at 5 ppm nitrogen dioxide inha]ation significant decrement in 
the cerebral hemisphere (P<0.05) and mid brain (P<0.01) was 
detected, while spinal cord showed significant increrrent 
(P<0.05), However, no significant change was observed in the 
cerebellum. Furthermore, as the concentration of NO2 was 
increased to 10 ppm, significant decrement was found in 
cholestero] levels in cerebral hemisphere, cerebellum, 
(P<0.01) and mid brain, (P<0.001). On the other hand, the 
spinal cord shov/od highly significant increment (r<0.001). 
Maximum alteration was observed in cerebral hemisphere 
(-44.85%) and spinal cord (54.04%). 
The concentration of cholesterol in myelin fraction was 
found to decrease significantly in cerebral hemisphere and 
mid brain (P<0.001) and cerebellum (P<0.01). At 10 ppm NO2 
the level of cholesterol decreased highly in cerebral hemi-
sphere, cerebellum and mid brain (P<0.001). While spinal cord 
showed significant increment at both the doses (P<0.001), 
(Table 3.14). Furthermore, the level of cholesterol in plasma 
membrane was found to be decreased significantly in cerebral 
hemisphere, (P<0.01) cerebellum and mid brain (P<0.C5), 
following exposure to 5 f)pm nitrogen dioxide, while at 10 ppm 
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N02f highly significant depletion observed in cerebral 
hemisphere, mid brain (P<0.001) and cerebellum (P<0.01). 
However, the spinal cord showed significant increment at 10 
ppm nitrogen dioxide exposure (P<0.02), but insignificant 
increase at 5 ppm nitrogen dioxide (table 3.15). 
3.4.6. Phospholipids: 
The data presented in table~3.16 indicate the 
alteration in the level of phospholipids in different regions 
of CNS. 5 ppm nitrogen dioxide exposure caused depletion in 
the level of phospholipids in cerebral hemisphere (P<0.0]), 
cerebellum, mid brain and spinal cord (P<0.05). Furthermore, 
when the dose concentration was increased to 10 ppm, highly 
significant decrement in cerebral hemisphere, cerebellum, mid 
brain and spinal cord (P<0.001) was observed. The distinct 
decrease was observed in mid brain (-35.84%). 
The concentration of phospholipids in myelin fraction 
(table 3.18) was found to decrease significantly on 5 ppm 
nitrogen dioxide inhalation in cerebral hem.isphere (P<0.001) 
cerebellum mid brain and spinal cord (P<0.01). Furthermore, 
as the concentration of nitrogen dioxide increased to 10 ppm, 
significant decrement was found in all the aforemicntioned 
regions (PO.OOl). Moreover at 5 ppm NO2 inhalation the 
concentration of phospholipids in plasma membrane was 
significantly depleted in cerebral hemisphere, cerebelllum, 
(P<0.001) and spinal cord (P<0.05). However, no significant 
114 
changes were found in phospholipids level in mid brain at 5 
ppm nitrogen dioxide exposure. Interestingly the 
concentration of NO2 increased to 10 ppm, significant 
decrement v;as observed in cerebral hemisphere, cerebellum 
(P<0.001), mid brain (P<0.05) and spinal cord (P<0,0]), 
(Table 3.19) . 
3.4.7. Cholesterol-Phospholipid Ratio: 
C/P ratio {table-3.20) , was significantly elevated 
consequent to 5 and 10 ppm nitrogen dioxide exposure in 
spinal cord (P<0.01) and (P<0.001) respectively while, no 
significant change was noticeable in cerebral hemisphere, 
cerebellum and mid brain. At 2.5 ppm NO2 inhalation, however, 
no significant change was observed in af orem.ent ioned regions. 
Table 3.22 and 3.23, represent C/P ratio in myelin 
fraction and p] asiud membrane respectively. The C/P ratio 
significantly decreased in myelin (P<0.001) and plasma 
membrane (P<0.05) of spinal cord. No significant changes were 
observed in myelin and p]asma membrane of cerebral 
hemisphere, cerebellum, and mid brain at 5 ppm NO2 
inhalation. Interestingly, when the dose increased to 10 ppm, 
significant decrement was observed in C/P ratio of myelin in 
cerebral hemisphere, cerebellum, and mid brain {P<-0.05) anc 
plasma membrane (P<0.2; 0.05, 0.05) respectively. The myelin 
and plasma membrane of spina] cord at this dose (10 ppm) 
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showed highly significant increment: (P<0.01 and <0.01) 
respectively. 
3.4.8. Alterations in Lipids Profiles After Separation by 
Thin Layer Chromatography: 
Data presented in tables-3.9, 3.11, 3.13, 3.17 and 3.21, 
depict the results of nitrogen dioxide inhalation on the 
levels of free fatty acids, triglycerides, cholesterol, 
phospholipids, and C/P ratio in different regions of guinea 
pig CNS, determined after separation of lipids constituents 
by Thin Layer Chromatography. 
3.4.8.1. Free Fatty Acids: 
Table-3.9 shows that at the dose of 10 ppm r;02 
inhalation significant depletion occurred in the levels of 
free fatty acids in cerebellum (P<0.001) and mid brain 
{P<0.01) and significant enhancement in spinal cord (P<0.02). 
No significant changes were seen at 5 ppm NO2 exposure in the 
cerebral hemisphere, cerebellum, midbrain and spinal cord. 
The significant difference detected in the level of free 
fatty acids before separation by TLC and after TLC was 
observed in the cerebellum only. 
3.4.8.2. Triglyceride: 
The results embodied in table-3,11, depict the level of 
triglycerides after separation by TLC. At 5 ppm nitrogen 
dioxide exposure, significant decrease was observed in tho 
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cerebellum (P<0.02), whereas, as the dose v;as increased to 
10 ppm, significant decrement was also observed in cerebral 
hemisphere (P<;0,05), cerebellum (P<0.01), and mid brain 
(P<0.05). But significant increment occurred in the spinal 
cord (P<0.01), Significant changes between determination of 
triglyceride before and after separation by TLC have been 
observed in only mid brain (P<0.05). 
3.4,8.3. Cholesterol: 
The concentration of cholesterol after separation by 
TLC (table-3.13) was found to decrease in cerebral hemisphere 
(F<0.05), mid brain (P<0,0]) and increase in spina] cord 
(P<0.05) at 5 ppm NO2 inhalation. Interestingly, as the 
concentration oi the gas v;as increased to 10 ppm, highly 
significant depletion was observed in cerebral hemisphere 
(P<0.001), cerebellum (P<0.01), mid brain (P<0.001) but 
enhancement occurred in spinal cord (P<0.001). No significant 
changes were observed in cholesterol levels between direct 
chemical determination and determination after separation by 
TLC. 
3.4.8.4. Phospholipid: 
At the dose of 5 ppm nitrogen dioxide exposure, the 
level of phospholipids (tablr-3.17) showed significant 
decrement in ccrcr.ral herdisphere (P<0.n2), ceicbeJlum 
(P<0.05), mid brr,in (P<0.02) and spinal cord (P<0.05). 
However, when the concentration of the dose was increased to 
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10 ppm, highly significant depletion was observed in the 
cerebral hemisphere, cerebellum, mid brain (P<0.001) and 
spinal cord (P<0.01). It is noteworthy that significant 
changes were observed between direct determination and after 
TLC separation in cerebral hemisphere and mid brain at 5 ppm 
nitrogen dioxide inhalation. 
3.4.9.0 Cholesterol-Phospholipid Ratio: 
Table-3.21 shows that at the concentration 5 ppm, the 
C/P ratio significantly increased in spinal cord (P<0.02), 
while no change was observed at this concentration in 
cerebral hemisphere, cerebellum, and mid brain. VThen the dose 
was increased to 10 ppm, highly significant increment was 
observed in spinal cord (P<0.001), However, insignificant 
decrement in cerebral hemisphere, cerebellum, and mid brain 
occurred after separation by TLC. 
3.5.0 Effect of Nitrogen dioxide on the Ganglioside level?in 
different Regions of the Guinea pig CNS: 
The data embodied in table 3.24 showes the effect of 
nitrogen dioxide (2.5,5 and 10 ppm, 2h/day, for 35 days) on 
ganglioside level of guinea pig CNS. At the dose of 5 ppm 
nitrogen dioxide exposure, ganglioside level shows 
significant increment in cerebral hemisphere, (P<0.05), 
cerebellum and spinal cord (P<0.02). Furthermore, when the 
dose concentration was increased to 10 ppm, highly 
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significant enhancement occurred to cerebral hemisphere, 
cerebellum, mid brain (P<0.00]) and spinal cord (P<0.0]), The 
distinct increase was observed in mid brain (57.59%). 2.5 ppm 
NO2 inhalation h.ad no significant effect on aforementioned 
CNS regions. 
At the dose of 5 ppm myelin ganglioside levels in 
cerebral hemisphere, cerebellum, mid brain and spinal cord 
significantly increased (P<0.01; 0.01; 0.05;0.01) 
respectively. Furthermore, when the dose increased to 10 ppm, 
ganglioside levels were markedly increased in all the 
aformentioned CNS regions (P<0.001) (table 3.25) the 
aforementioned CNS regions (P<0.01), (table 3.25). Moreover, 
the concentration of ganliosides in plasma membrane of 
cerebral hemisphere, cerebellum, mid brain and spinal cord at 
5 ppm NO2 was enhanced significantly (P<0.001, <0.001; 0.01; 
0.02). At 10 ppm nitrogen dioxide inhalation significant 
enhancement in ganglioside level was observed in plasm.a 
membrane of cerebral hemisphere, cerebellum,, mid brain and 
spinal cord (r<0.001), (Table 3.26). 
3.6.0 Effect of Nitrogen Dioxide on the Lipase Activity in 
Different Regions of the Guinea Pig CNS: 
The results embodied in the table-3.27, depict the 
effect of nitrogen dioxide (5 and 10 ppm, 2h/ day, for 35 
lly 
days) inhalation to guinea pig. At the dose of 5 ppni, 
nitrogen dioxide inhalation, lipase activity shows 
significant increment in cerebral hemisphere (P<0.05), 
cerebellum (0.02), mid brain (P<0.05) and spinal cord 
(P<0.01). When the dose of nitrogen dioxide was increased to 
10 ppm, the lipase activity was also enhanced in cerebral 
hemisphere (P<0.01), cerebellum (P<0.001), mid brain (P<0.01) 
and spinal cord, (P<0.001). The peak changes were observed in 
the spinal cord (64,07%) followed by the cerebral hemisphere 
(45.84%) . 
3.7.0 Alteration of the Rate of Lipid Peroxidation due to 
Nitrogen Dioxide inhalation: 
There was a marked increase in the rate of lipid 
peroxidation at the concentration of 5 ppm nitrogen dioxide 
in cerebral hemisphere (P<0.02), cerebellum (P<0.01), mid 
brain and spinal cord (P<0.05). Moreover, as the 
concentration of the nitrogen dioxide v/as increased to 10 
ppm, the rate of lipid peroxidation also increased 
significantly (P<0.001), (table-3.28). But no significant 
change was observed in the rate of lipid peroxidation 
following 2.5 ppm NO2 inhalation in the aforementioned 
regions . 
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3.8.0 Effect of Nitrogen Dioxide on Sulfhydryl Groups in 
CNS of Guinea Pig: 
The data embodied in tables-3.29, 3.30 and 3,31 depict 
the results of exposure of guinea pig by 2.5, 5 and 10 ppm 
NO2, 2h/day, for 35 days. 
3.8.1, Total .Su]fhydryl Groups: 
Nitrogen dioxide caused depletion of total sulfhydryl 
groups at concentration of 10 ppm, in cerebral hemisphere, 
cerebellum, mid brain and spinal cord {P<0.05). But no 
significant change was observed follov;ing 2.5 and 5 ppm NO2 
inhalation in aforementioned brain moities (Table-3.29). 
3.8.2. Free Sulfhydryl Groups: 
Free sulfhydryl groups increment have been observed in 
cerebellum (P<0.05), mid brain (P<0.01) and spinal cord 
(P<0.05) at 5 ppm NO2 inhalation. As the concentration of the 
nitrogen dioxide was increased to 10 ppm, highly significant 
increment was observed in cerebral hemisphere (P<0.001), 
cerebellum (P<0-02), mid brain (P<0,001) and spinal cord 
(P<0.02). The laost distinct increment v/ss observed in mid 
brain (51.59%) (table-3 . 30) . But no significant change v?as 
observed at 2.5 ppm nitrogen dioxide inhalation. 
3.8.3 Protein bound Sulfhydryl Groups: 
At the 5 ppm NO2 exposure, protein bound sulfhydryl 
groups shov;od significant decrement in cerebellum and mid 
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groups showed s i g n i f i c a n t decrement in cerebel lum and mid b r a i n 
(P<0.05) . F u r t h e r m o r e , a s the c o n c e n t r a t i o n of n i t r oyen d ioxide 
was i n c r e a s e d to 10 ppm, s i g n i f i c a n t decrement v/as obse rved in 
c e r e b r a l h e m i s p h e r e , c e r ebe l lum, mid b r a i n (P<0-01) and s p i n a l 
cord (P<0 .02) . The maximum c h a n y e was de tec ted in the mid 
b r a i n ( -41.8%). However, a t 2.5 ppm NO e x p o s u r e no s i g n i f i c a n t 
c h a n g e was obse rved in aforement ioned r e g i o n s ( t a b l e - 3 -31) . 
S t a t i s t i c a l A n a l y s i s : 
a ) The s t a t i s t i c a l s i g n i f i c a n c e between control and 
e x p e r i m e n t a l v a l u e s v/as c a l c u l a t e d u s ing S t u d e n t ' s t - t e s t . P 
v a l u e s l e s s t han 0.05 were cons ide red to be s i g n i f i c a n t ( t a b l e s 3.1 
to 3.31) . 
b) One v/ay Ana lys i s of Var iance (ANOVA) t e c h n i q u e h a s 
been a p p l i e d to tes t the s i g n i f i c a n t d i f fe rences betv^een doses 
( t a b l e s 3.1 and 3 . 3 ) . 
c) Two way Ana lys i s of Var iance (ANOVA) t e c h n i q u e h a s 
been a p p l i e d to tes t the s i g n i f i c a n t difference betv/een roy ions 
and doses , ( t a b l e s 3.4 to 3 . 3 1 ) . 
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4.0.0 DISCUSSION 
A large number of investigations have been undertaken 
to evaluate the effects of different air pollutants on health 
(Byl.in et al. 1988; Lindvall, 1985; Farahani 1985; Haider 
1985; Mustafa and Tierney 1978; Bloch et al. 1973; Haider et 
al. 1981). One of the common air pollutants in many urban 
environment is nitrogen dioxide. It is formed by the 
oxidation of organic substances contained in solid, liquid 
and gaseous fuels, as well as by reaction between atmospheric 
oxygen and nitrogen at normal temperature. Automobiles and 
automobile industry release the greatest amount of nitrogen 
dioxide into the atmosphere. Moreover, systematic increase of 
electric energy production obtained from conventional fuels, 
leads to an increase in the emission of nitrogen dioxide into 
the surroundings. The toxicity of NO2 increases with tne 
presence of steam and metals. Nitrogen dioxide is inhaled 
together with atmospheric air via the respiratory tract. This 
gas permeates the alveoli and impairs their functioning 
(Dowell et al. 1971) . 
The effects of NO2 on the lung have been well-
documented (Pennington 1988; Bylin et al . 1985; 
Lakshminarayan 1982; Nieding and Wagner 1979). The response 
to acute or chronic exposure to nitrogen dioxide indicates 
the extensive damage occurs to lung and bronchial tissues, 
1:)4 
resulting presumably, from chemical interaction between 
nitrogen dioxide and lung tissues. In the present study, 
dose-dependent significant increment was observed in the lung 
and spleen wet weight due to NO2 exposure. However, no 
significant change was detected in the brain, liver and 
kidney wet weight. It is possible that, some product of the 
reaction of nitrogen dioxide and lung or blood tissue does 
pass throughout the body in the circulatory system and causes 
enzyme alterations. Buckley and Balchum (1967) demonstrated, 
enzyme alterations following NO2 exposure (10 ppm for varying 
periods of time) in guinea pigs lung, liver, kidney and 
spleen. Alterations in the serum and tissue enzyme activity 
levels, resulting from acute or chronic inhalation of 
nitrogen dioxide, should be a sensitive indicator of toxicity 
or of possible tissue damage. Since enzyme action is 
responsible for biological regulation, these changes should 
appear early and precede many of the structural and 
functional indicators of tissue damage. 
Studies of lipid profiles in the central nervous system, 
form an important part of neurobiochemical investigations. No 
tissue has a more complex lipid composition than brain 
(Rahmann 1983). It is metabolically one of the most active of 
all the organs of the body. The lipid composition of the 
brain is unique in both its high total lipid concentration 
and in the types of lipids present (Suzuki 1981). Alterations 
in the lipid content and lipid composition must be due tt. 
Ibb 
changes in the r(ate of catabolism, anabolisni or both (Ordy 
and Kaack 1975) . These processes are controlled by the 
activities of appropriate enzymes. Since the CNS is one of 
the most susceptible and vulnerable systems of the body (V/HO 
1986) , affecting the CNS is therefore, the quickest and most 
certain way of chemically upsetting the body metaboJism. 
In the present study, following exposure of guinea pigs 
to different concentrations of nitrogen dioxide (2.5, 5 and 
10 ppm) levels of total lipids, esterified fatty acids, free 
fatty acids, triglycerides, cholesterol, phospholipids, 
gangliosides, rate of lipid peroxidation, sulfhydryl groups 
(total, free, and protein bound) and lipase activity were 
determined in four regions (cerebral hemisphere, cerebellum, 
mid brain and spinal cord) of guinea pigs CNS. Further, 
effect of NO2 (5 & 10 ppm) on myelin and plasma membrane, 
total lipid, cholesterol, phospholipid and ganglioside levels 
have been carry out. Moreover, the effect of nitrogen dioxide 
in two different concentration (5 and 10 ppm) on the levels 
of serum total lipids, triglycerides, cholesterol, 
phospholipid and lipoprotein lipase have also been studied. 
4.1.0 Serum Lipid Profiles 
The simplest way to study the metabolism of the cential 
nervous system in vivo is to coirelate spontaneous or 
experimentally produced alterations in the chemical 
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composition of the blood, spinal fluid or both (Sokoloff 
1981) . 
The average rate of blood flow in the human brain as a 
whole is about 57 ml/lOOg tissue/niin. For the whole brain 
this amounts to almost 800 ml/min or approximately 16.6% of 
the total basal cardiac output. Blood-flow rates vary 
throughout the brain, with average value in gray matter 
approximately 4 to 5 times those of white matter (Landau et 
al. 1955; Freygang and Sokoloff 1958). However, measurements 
of local blood flow in most regions of the brain of animals 
indicate an enormous increase in blood flow throughout the 
brain in REtl sleep (Reivich et al . 1968). It was found that 
the influence of nitrogen dioxide brought about oxidation of 
polyunsaturated fatty acids as well as their defective 
incorporation into the lipid molecules (Menzel et al. 1972). 
In the present investigation, dose- dependent significant 
depletion occurred in serum total lipids, triglycerides, free 
fatty acids, cholesterol, and phospholipids following 
NO2 inhalation. Nitrogen dioxide is absorbed into the lung 
and does pass throughout the body by the circulatory system. 
Moreover, it has been suggested that some of the brain lipids 
can arise by transport from blood stream (Suzuki, 1981; 
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D'Amado 1970; Ansel and Spanner 3 971; Sun and Horrocks 1969; 
Iloelzl and Frank 1969; Bernson et al. 1971). Therefore, in 
the light of these findings it may be inferred that changes 
occur in serum lipids due to NO2 exposure and these changes 
are reflected in the CNS lipids also. 
4.2.0 Lipoprotein Lipase: 
This enzyme was first described as a factor (clearing 
factor) which was present in the plasma of animals who had 
been injected with heparin, which was able to clear the 
turbidity of added chylomicrons suspensions. Important 
evidence for the function of lipoprotein lipase in the blood 
is derived from studies in which a reduction in the rate of 
their removal is associated with a decrease in the activity 
of the enzyme. The lipoprotein lipase activity of particular 
tissues in the body can vary in different physiological 
situations (Robinson 1970). The view has been advanced that 
lipoprotein lipase may be important in determining not only 
the rate but also the pattern of uptake of triglyceride fatty 
acids from the blood (Robinson 1963). The possibility has 
been considered that changes in the rate of removal of 
triglyceride fatty acids from the blood may be an important 
factor determining changes in plasma triglyceride 
concentrations. Ham and Rose (1969); Hazzard et al. (1969) 
have suggested thiat reduced activity of lipoprotein lipase 
may be a factor contributing to the increased plasma lipids 
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and vice-versa. Also, it appears controversial that with 
decrease in lipoprotein lipase activity, there is almost one 
and half to two fold increase in the total fatty acid output. 
In present investigations, significant enhancement in 
lipoprotein lipase activity was observed, which may conceiva-
bly explain the decrement in level of lipids, particularly 
triglyceride and free fatty acids in the serum of nitrogen 
dioxide intoxicated guinea pigs. 
4.3.0 Total Lipids: 
Brain is one of the richest component of the body in 
total lipids (Bloor 1943; Friede 1966; Eichberg et al. 1969). 
It has a dominant composition of total lipids, cholesterol 
and phospholipids. The functional activity of the brain has 
been known to be attributed to lipids which play various 
significant roles, both as structural constituents and as 
participants. It has been observed that diseases like 
adreno-leukodystrophy and subacute sclerosing panencephalitis 
have been caused by impairments of total lipids (Kamoshit;- tV 
al. 1968; Suzuki et al. 1970). In this study the level of 
total lipids was depleted significantly in the cerebra] 
hiemisphere, cerebellum, mid brain and spinal cord. As ttc 
concent Lc'.t j (.1 s cf nitrogen dioxide increased, dose-related 
decrement of lipids occurred concomitantly. It seems 
reasonable to suggest, in the light of af orenient ioned 
observations, that nitrogen dioxide-induced perturbations in 
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the level of total lipids may produce lesions similar to 
those associated with demyelinatino disorders of the brain. 
To date, no report is available on the quantitative 
estimation of various lipid fractions in different regions of 
the guinod pig CNS fo]]ov/ing nitrogen dioxide inhalation. 
4.4.0 Esterified Fatty Acids: 
The level of esterified fatty acids showed dose-
dependent decrement at 10 ppm nitrogen dioxide inhalation in 
cerebral hemisphere, cerebellum, and mid brain. The tendency 
of depletion of esterified fatty acids as triglycerides 
concentration piay be due to the stimulation of lipase 
activity (Ryhanan et al. 1984). The concentration of 
esterified fatty acids depends upon of the concentration of 
esterified fatty acids present in triglycerides and 
phospholipids (Stern and Shapiro 1953). Therefore, depletion 
of these parameters may cause decrease in the level of 
esterified fatty acids in present study. 
4.5.0 Free Fatty Acids: 
Although free fatty acids are very minor constituents 
of mammalian brain and spinal cord, they are important 
components of all complex CNS lipids. Alterations of the free 
fatty acids composition of CNS lipids also affects brain and 
spinal cord metabolism (Biran et al. 1964; Bailey ct al. 
]967). The mechanism of the free falty acid to'C):>ynthcB i s in 
the brain appears to be essentially identical with that of 
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other organs of the body (Olson 1966). Those free fatty acids 
which are produced in the liver will contribute to the low 
density lipoprotein triglyceride, which is released into the 
blood and carried to the extra hepatic tissue. Free fatty 
acids can be oxidized by brain tissue, rioreover, they are 
needed coiitinuously for the integrity of membrane structure. 
It has been reported that free fatty acids in the brain can 
arise by synthesis 'iri situ' , and by transport from blood 
stream (Sun and Horrocks 1969; D'Amado 1970; Bernsohn et al. 
1971). In the present study, dose-dependent depletion of 
free fatty acids was noted in cerebral hemisphere, cerebellum 
and spinal cord. A decreased rate of utilization of plasma 
free fatty acids may involve changes in the rate of oxidation 
or esterification of fatty acids (Cunningham 1977). The only 
region consistently showing an increase in this parameter was 
spinal cord. This might be explained on the basis of the 
fact that the brain is a very heterogeneous organ. It is more 
a collection of disparate organs than a single entity (Hertz 
1969). The lipids of various tissues are known to be in a 
dynamic steady state in that there is a continuous 
replacement of existing molecules by new ones (VJhite et al. 
1978) . 
4.6.0 Triglycerides: 
The brain is unique in its lack of certain lipids that 
are abundantly present in other organs of the body. However, 
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triglycerides constitute at the most only a few per cent of 
the CNS lipids (Cook 1981; Horrocks and Harder 1983) . Son^.e 
are probably contributed by blood and blood vessels, rather 
than by neural tissue (Suzuki 1981). Triglyceride is normally 
formed by simple esterification of circulating fatty acids 
from adipose tissue stores and newly produced fatty acid 
derivatives obtained from dietary sources (Bierman 1969) . In 
the present study, the levels of esterified fatty acids and 
free fatty acids were decreased in cerebral hemisphere, 
cerebellum and mid brain regions. This may be explained by 
the finding of decreased concentration of triglyceride in 
abovementioned regions. However, in the spinal cord, the 
level of esterified fatty acids did not significantly alter 
instead the level of fatty acids increased significantly. 
This finding is in conformity with the observed increased in 
the triglyceride level in spinal cord. 
4.7.0 Cholesterol 
Cholesterol is the only sterol present in the mammalian 
central nervous system in significant am.ount. Cholesterol 
esters are practically absent in the normal brain (Adam and 
Davidson 1960) . Appearance of cholesterol esters has been 
reported during Wallerian degeneration and other types of 
spinal cord degenerations (Johnson et al. 1949). Cholesterol 
is synthesized from acetate and precursors via mevalonic 
acid. Both the biosynthesis and the deposition of 
cholesterol in the CNS is most rapid. Robins et al, (1956) 
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have sho\«/n that the distribution of cholesterol in monkey 
cerebral cortex is almost a mirror image of that of the 
protein. Cholesterol increases and protein decreases with 
increasing cortical depth. Cholesterol appears to be 
incorporated into the cells of lesion, esterified v/ithin the 
cell and transformed into amorphous droplets of cholesteryl 
esters (VJeller et al . 1968). Cholesterol is a well known 
major constituent of atherosclerotic lesions (Frantz and 
Moore 1969). It has been proved that nitrogen dioxide reacts 
with unsaturated fatty acids of phospholipids and with 
cholesterol (Dowell et al. 1971; Karael et al. 1970). 
Cholesterol is one of the most important component of cell 
membranes. Oxidation of lipids in biomembranes may cause 
disturbances in the permeability of cell membranes. In this 
study, dose-dependent depletion of cholesterol was noted m 
cerebral hemisphere, cerebellum and mid brain. But, the 
spinal cord showed significant enhancement. In the present 
investigation, it may be suggested that decrease in the 
cholesterol of the brain regions may have taken place as a 
result of demyel ination in the guinea pig following T^lOo 
inhalation. This decrease was accompanied by depletion of 
cholesterol level in serum. 
4.8,0 Phospholipids 
Phospholipids constitute a biologically important group 
of compounds. In normal cells, different types of membranes 
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(microsomal, mitochondrial, nuclear or plasma membranes) are 
characterized by consistent substantial differences in their 
phospholipids pattern. They are considered as backbone 
lipids, functioning as structural elements of the plasma 
membrane and governing the rigidity and flexibility, the 
permeability to water and nonelectrolytes and mediating in 
uphill transport of ions. In the membranous structure of 
microsomes are locoted a large number of enzymes responsible 
for phospholipid synthesis. Phospholipids occur in 
substantial amounts in both gray and white matter. Total 
amount of phopholipids is higher in the white matter than in 
gray matter. Phosphatidylcholine may be occasionally 
transferred intact from the blood to the brain (Ansel and 
Spanner 1971; Hoelzl and Franck 1969). It was suggested that 
phospholipids may reach the site of action at the cellular 
level as intact molecules. Different phospholipids turnover 
at different rates (with respect to their localization in 
different cell and membranes) (Porcellati 1983). The 
distribution of phospholipids in a biologic membrane is 
regulated not only by the activities of the enzymes involved 
in their metabolism, but also by the transport and 
incorporation processes into membranes. Different 
phospholipid pools which are constantly turning over with 
different metabolic rates are controlled by a variety of 
metabolizing enzymes. According to Farooqui and Horrocks 
(1984) these enzymes in neural membranes liberate free fatty 
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acids, acyl-CoA, diglyceride and lysophospholipids. Under 
normal conditions, such metabolities may be involved in 
neural membrane functions, such as ion transport, membrane 
fusion, neurotransmitter release, receptor binding and 
calcium homeostasis. However, under pathological conditions 
high concentrations of these metabolites may significantly 
influence the activity of phospholipid metabolizing enzymes, 
ultimately leading to abnormal membrane function (Sun et al. 
1984). In the present investigation a marked depletion 
occurred in the level of phospholipids in the cerebral 
hemisphere, cerebellum, mid brain and spinal cord, due to 
nitrogen dioxide inhalation. The depletion in the level of 
phospholipids in central nervous system could be due to 
peroxidative damage as well as perturbation in one of the 
aforementioned metabolic steps. 
4.9.0 Cholesterol-Phospholipid Ratio: 
Cholesterol-phospholipid ratio is generally considered 
to be an index of atherogenicity. Cholesterol appears to be 
incorporated into the cells of lesions, esterified within the 
cell and transformed into amorphous droplets of cholestery.1 
esters (Weller et el. 1968). The accumulation of cholesterol 
in aorta parallels remarkably well with the serum cholesterol 
(Nicholas et al. ]97J). Furthermore, the presence of 
lecithincholesterol transcyclase in arterial wall provides 
evidence for the esterification of cholesterol in aorta, 
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since only free cholesterol rather than esterified 
cholesterol is exchanged with the blood during 
atherosclerosis. In present study, only spinal cord showed 
significant increment after 10 ppm NO2 inhalation. While, 
insignificant decrease was observed in cerebral hemisphere, 
cerebellum and mid brain due to nitrogen dioxide toxicosis. 
The exact mechanism by which C/P ratio in the tissue fluids 
of the discrete CNS regions is regulated is obscure. 
4.10.0 Gangliosidcs 
Gangliosides, Sialic acid containing glycosphin-
golipids, are localized in the myelin matrix and the bulk is 
found in the other membrane of the nerve endings (Ramsey and 
Nicholas 1972) . Lysosomes are thought to be a major site for 
the degradation of gangliosides. It has been assumed that 
gangliosides are involved in the nerve impulse conduction and 
act as receptor sites for neurotoxins (Rahmann et al. 1982; 
North et al. 1961; Van Heyningen 1959). Irwin and Camson 
(1971) reported that certain types of behavioural stimulation 
(stress, sensory stimulation, learning, exercise) seem to be 
accompanied by alterations in ganglioside metabolism. Mental 
retardation and neurological dysfunction are major signs in 
nearly all the lipid storage diseases, apparently because of 
abnormal deposition of the different glycosphingolipids in 
the CNS due to defective disorders in degradative enzyme 
pathways, resulting in retardation of development, paralysis, 
dementia and blindness (Lehninger 1984). 
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In the present investiyation, dose-dependent increment 
in the yanylioside level of male yuinea piy cerebral 
hemisphere, cerebellum, mid brain and spinal cord, followiny 
nitroyen dioxide exposure, may be a consequence of alteration 
in the function of one or more of the deyiative enzyme systems 
in the lysosome, Additionally, yanyaliosides are considered 
to take part in the reyulatory mechanisms of membranes 
throuyh modifyiny the environment of functioniny proteins 
embedded in membranes. Exoyeneous stimulation of yanylio-
sides may activate the initial step of series of cellular 
reactions throuyh perturbation of specific local environments 
forminy functional ayyreyates or clusters on the cell 
surface. However, the dose-dependent increment in the 
concentration of yanyliosides may explain the behavioural 
abnormalities observed in animal duriny the experiment. 
4-11.0 Lipase Activity 
The results of the present study demonstrate that 
nitroyen dioxide causes siynificant dose-dependent elevation 
of lipase activity in different reyions of the yuinea piy 
CNS. No report on the dose-dependent effect of NO^ on the 
lipase activity in various reyions of CNS is available in the 
literature. Gozzano (1934) claimed that lipase activity is 
concentrated more in yray matter than in the white matter. 
Thompson (1964) has described phospholipase 'A', and 'B' 
activity in brain. Amony different brain reyions, human 
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cerebral cortex has the highest phospholipase 'A' activity. 
Triglyceride and diglycerides of niammalian brain are very 
active nietabolically and are hydrolyzed by lipases (Mizobuch-
ic et al. 1981; Vyvoda and Rowe 1973). The increase lipase 
activity may help in faster trans]ocation of ]ipidG, thus 
creating a lipid deficiency (Jos 1979). Such a situation can 
affect the functional integrity of cytomembranes, leading to 
disturbances in lipid composition of neuronal and glial mem-
brane. Moreover, an increased lipase activity in various 
regions of the CNS induced by nitrogen dioxide inhalation is 
likely to trigger enzymatic and non-enzymatic lipid perox-
idation, which in Lurn may lead to manipulation of ceDlular 
injury. On the basis of the aforementioned explanations it 
can be suggested that nitrogen dioxide generated free-
radicals in CNS and thereby elevated lipid peroxidation, 
lipase activity and caused decrement of sulfhydryl groups. 
However, Haider et al. (1981) reported that exposure of 
guinea pig to H2S caused to decrement in lipid fraction and 
increment in the rate of lipid peroxidation and lipase 
activity in different CNS regions. The rapid increase in the 
lipase activity with the increasing NO2 concentration in the 
present study indicates that the enzyme is stimulated. Thi? 
stimulation may be attributed to the disruption of the three 
dimensional structure of protein which is responsible for the 
activity of the enzyme. The function of lipase is to 
hydrolyse triglyceride. An increase in the enzyme activity 
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could result in decrement of triglycerir'.t s. Therefore, 
increment in the lipase activity was accompanied by depletion 
of triglyceride level in different regions of the CNS. 
4.12.0 Lipid Peroxidation 
Peroxidation of biological membrane lipids is widely 
considered to be an integral part of cell damage and many 
toxic processes (Tappel 1975) . Lipid peroxidation is 
initiated by various free radicals and is a basic 
deteriorative process in living systems involving the 
polyunsaturated fatty acids and phospholipids in cellular 
membranes and other tissue structures (Menzel 1976; Rowlands 
1971). Furthermore, Roehm et al. (1971) found that trace 
amounts of ozone and nitrogen dioxide cajsed the rapid 
oxidation of unsaturated fatty acid 'jji vitro' and concluded 
that the oxidation of essential tissue polyunsaturated fatty 
acids occurred 'j^ri vivo' by the air pollutants. According to 
Tappel (1970, 1975) biomembranes and sub-cellular organelles 
are the major sites of peroxidation damage. Free radical 
mechanisms leading to lipid peroxidation of the brain lipids 
with the loss of membrane integrity, are currently considered 
important contributing factors in the development of 
irreversible brain damage during ischaemic and other adverse 
conditions (Demopoulos et al. 1979). In another study, 
Sharma and Krishnamurti (1976) observed a close relationship 
between cellular injury, peroxidation of meir-rano lipids and 
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oxidative damage to the cells. Saxena et al. (1981) have 
reported that in contrast to brain, significantly higher 
amounts of lipid peroxides are produced in liver, lung and 
spleen. 
The toxicity of nitrogen dioxide is assumed to be 
related to lipid peroxidation of biomembranes, because nitro-
gen dioxide readily attacks unsaturated lipids. Since, brain 
homogenate has apparently the necessary unsaturated fatty 
acids in membrane structures, especially phospholipids and 
cholesterol, products of lipid peroxidation can cause 
extensive damage to cell structures and result in the 
formation of age pigments which are generally considered as 
reaction products of lipid oxidation (Glees and Hasan, 1976; 
Hasan et al. 1904). 
In the present study, malonaldialdehyde formed due to 
nitrogen dioxide inhalation was increased significantly in 
different regions of the guinea pig central nervous system. 
In this investigation elevation of lipid peroxidation and 
depletion of total lipids in various regions of the CNS seems 
to be identical in so iar as these two pacaw-ztevs are con-
cerned. Furthermore, this finding is significant, which is in 
accordance with the report of Sagai et al. (1984). However 
they have reported increment in the rate of lipid 
peroxidation in lungs while the present finding is for guinea 
pig central nervous system. 
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4.12.1 Mechanism of Lipid Peroxidation reaction by NO2: 
A mechanisni of lipid peroxidation reaction by nitrocen 
dioxide is shown in equations 1-5 (Rawlands 1971). 
0 0 
R N R R 
C = C + NO2 > c* - C ~ R (I) 
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RCH + CHR > R + RCH2 CHR •••2 0 
R' + 02 ^> R'02 3 
R' O2 + R'H > R + R' OOH •••4 
R' O2 + AH > R' OOH + A' ...5 
Because the ethylene group of unsaturated fatty acids is 
readily attacked by NO2/ the free radicals species shown as 
I and II in equation (1) are generated. Most likely, the 
alkyl free radicals can abstract hydrogen from unsaturated 
fatty acids, which leads to conventional autoxidation (Roehm 
et al. 1971) (equations 2-5). On the other hand, nitrogen 
dioxide is known to react with hydrogen peroxide in the gas 
phase to produce hydroxyl radicals, as shown in equation -6. 
(Gray et al. 1972). 
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N02 + H2O2 > "*'HC + HONO2 ... 6 
4.13.0 Sulfhydryl Groups: 
Sulfhydryl groups (SH) are known to act as active 
enzymatic sites (Hoch and Vallee 1959). Sulfhydryl enzyir.es 
are most susceptible to inactivation by lipid peroxidation 
intermediates. Oxidation products of polyunsaturated lipids 
also inactivate non--sulf hydryl enzymes (Chio and Tappel 
1969). Inactivation of sulfhydryl enzymes m mitochondria 
has been associated with lipid peroxidation, (McKnight and 
Hunter 196C). The free radical intermediates, such as peroxy 
radicals formed during peroxidation, could account for the 
destruction of the SO groups in the enzymes. Wills (1961) has 
shown that peroxides produced from oxidation of unsaturated 
fatty acid emulsions inhibit sulfhydryl enzymes, and lipjd 
peroxides cause oxidation of sulfhydryl groups in enzymes 
(Lewis and Wills 1962). It is thought that glutathione plays 
specific role in mitotic cells and may therefore, be 
essential for repairing systems.. Moreover, it is reported 
that glutathione and SU groups play a protective role 
against free radical mediated or protective Jimage (Stokinget 
and Coffin 1968; DeLucia 1972; Chow and Tappel 1972; Little 
and O'Brien 1968). Tappel (1970) has suggested that 
deficiency of total and free sulfhydryl groups may lead to 
deficient degradation of lipid peroxides to hydroxy acids, 
causing accumulation of peroxides in various reaions of tl 
:nG 
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brain and spina] cord. Recently, Hasan and Haider (1989); 
Hasan et al. (1984) have shown the involvement of sulfhydryl 
groups in the neurotoxicity of various chemicals. Since 
sulfhydryl groups play various important roles in 
biochemical functions of the cell, a considerable attention 
has been paid to the assay of sulfhydryl groups. 
In the present study, significant depletion in the 
level of total sulfhydryl groups has been observed in 
cerebral hemisphere, cerebellum, mid brain and spinal cord. 
As the presence of SH groups (particularly insoluble 
sulfhydryl compounds) are essential for the functions of a 
number of enzymes and proteins. Therefore, alterations or 
oxidation of total sulfhydryl groups due to nitrogen dioxide 
may cause disturbances in the functions of some enzymes and 
proteins. It is also observed that gluthathione (free 
sulfhydryl groups) level is increased in aforementioned 
regions (except spinal cord at 5 ppm) at both the doses. One 
of the most important role of free sulfhydryl groups is 
cellular detoxification. it also play a protective role 
against free-radical mediated damage (O'Brien and Little 
1969; Tappol, 1970; Jo]low et al. 1974). According to Harrow 
and Ma^ur (1962) glutathione consists of three amino acids 
viz. cysteine, glycine and glutamic acids, each one is known 
to act as detoxifying agent. The SH group of cysteine ir 
highly reactive and apparently involved in the maintenance of 
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the conformation and biological activity of certain proteins. 
As receptors are protein in nature, therefore, reagents which 
modify these groups may influence the interaction of 
neurotransmitters with their recognition sites (Barrantes 
1980; Sobrino and Del Castillo 1972). 
Furthermore, the level of protein-bound sulfhydryl 
groups in the present study shows significant decrement in 
cerebellum and mid brain at 5 ppm MO2 and highly significant 
alteration in cerebral hemisphere, cerebellum, mid brain and 
spinal cord in guinea pigs following nitrogen dioxide 
inhalation. Since, SH groups of proteins and enzymes are 
essential for their functions, and sulfhydryl groups protect 
lipids from oxidation, therefore, their oxidation due to 
nitrogen dioxide would facilitate lipid and membrane damage. 
Consequently, this finding may be accompanied by alterations 
in lipase activity and rate of lipid peroxidation (in 
sections 4.11.0 and 4.12.0). 
4.14.0 Lipid Profiles in Isolated Myelin and plasma membranes 
fraction: 
Of all cellular m,embranes, the plasma membrane is 
clearly the most important. It is essential for the mainte-
nance of cellular integrity, it foms a structural barrier 
urrounding the cell in a very fundamental way by controlling 
the passage of substances into and out of the cell (De Wett 
s 
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1977; Hokin and Hokin 1964). The dynamic properties and 
organization of the cell membranos depend on the membrane 
lipid composition. Moreover, changes in the membrane lipid 
composition can be related to physiological processes, they 
may also be exerted as a result of various diseases or 
through a.lterations in the surrounding microenvi ronment of 
the cells (Barenholz 1904; Rothstein 1982; Stubbes and Smith 
1984). The changes in the lipid composition include 
alteration in the content of cholesterol, phospholipids, and 
sphingomyelin (Yechiel and Barebholz 1985). 
According to Horrocks and his co-workers (1975) 
different types of membrane accumulate different types of 
lipids. Lipids apparently provide the suitable amphipathic 
membrane processes. It is claimed that the lipids may be 
specifically and aboslutely required for membrane-bound 
enzymes (Zakim 1970; Vessey and Zakim 1971, Sekuzu et al; 
1963) or may provide the proper hydrophobic environment for 
enzyme activity (Fleisher et al, 1962). Almost all of the 
lipids of central nervous system (CNS) are located in 
cellular and subcellular membranes and in the myelin sheath. 
Therefore, the isolation of subcellular organelles and spe-
cific membrane fractions can be a first approximation in 
determining the subcellular sites of action of toxic agents. 
Therefore one of the objectives of the present investigation 
was estimation of total lipids, cholesterol, phospholipids 
and gangliosides (the main important constituents of the 
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myelin and plasma membrane) in isolation myelin and plasma 
membrane fractions of different CNS regions (cerebral 
hemisphere, cerebellum, mid brain and spinal cord). 
4.14.1 Total lipids in myelin and plasma membrane: 
In fact the brain is one of the most merabrane rich 
organs in the bcOy and contained a unique structure, the 
myelin sheath and neuropil, accounting for the higher lipid 
concentration of CNS (Shimizu 1965). Furthermore, lipid 
molecules play important roles in the microstructure of the 
cell membrane and may even participate metsbolically in the 
transport of cations (Hokin and Hokin 1964). Some of the 
postulated physiological functions of membrane lipids include 
the site for the cell-to-cell recognition process, specific 
cell-surface antigens, and specific receptors for toxins or 
other physiological compounds. According to Cammer (1980), 
myelin metabolism may be affected by a variety of toxic 
agents. As the lipids may be specifically and absolutely 
required for enzyme activity (Sekuezu et al. 1963), there-
fore, the disorders in total lipids lead to the breakdwon and 
loss of myelin. In the present study, the level of total 
lipids in isolated myelin and plasma membrane fractions 
significantly depleted in cerebral hemisphere, cerebellum, 
mid brain and spinal cord. As the concentration of nitrogen 
dioxide increased dose-related decrement of total lipids also 
occurred. In the light of present observations, it may be 
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suggested that pertuLbations in the concentration of total 
lipids of myelin and plasn-a membrane may be associated with 
demyelinating disorders of the brain caused by nitrogen 
dioxide inhalation. According to our letcraturc survey, no 
report is available on the qunatitative dote r..una b ion of 
various lipid fractions in m.yolin and plasma membrane of 
different regions of the guinea pigs CHS following exposure 
to nitrogen dioxide. 
4.3.4.2 Cholesterol in myelin and plasma membrane: 
The level of cholesterol showed dose-dcpcnoent 
decrement following nitrogen dioxide inhalation in isolated 
myelin and plasma membrane fractions of cciebral hemisphere, 
cerebellum, mid brain and spinal coid. It is generally 
accepted that cholesterol plays an important role as a 
regulator of membrane fluidity (Jain 1975) and myelin is rich 
in cholesterol (about 707 of brain cholesterol). According to 
Papahadjopoulos and Watkis (1967), Domel et al (1968), and 
Papahadjopoulos et al. (1972) incorporation of cholesteroJ 
decrease the permeability of phospliolipids vesicles to Cl~, 
glucose and monovalent cations. Turthermore, feinstein et al. 
(1975) concluded that the presence of cholesterol in the 
membrane leads to decrease in the fluidity of hydrocarbon 
chains of lipid membrane. Therefore, in the light of the 
present findings, it may be suggested that tlie decrease in 
cholesterol level in cerebral hemisph,orc, cerebellum, rr i d 
increase in 
brain and /spinal cord may increase the permeability of 
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phospholipids vesicles to Cl~, glucose and monovalent 
cations, and increase the fluidity of hydrocarbon chains of 
myelin and plasma membrane, which may finally result in re-
distrubation of central nervous system functions. 
4.14.3 Phospholipids in myelin and plasma membrane: 
Phospholipids are the major lipid components of the 
cell membranes and control the movement of molecules across 
them (Porcellati and Arienti 1983). Phosphatides (phosphati-
dylentanolamine, phosphatidylchoJine, phosphatidylseride) are 
the most important group of phospholipids. They consist of 
some of the most metabolically active phospholipids 
and participate in the movement of Na"^  and K'^  ions through 
the neural membranes- Their metabolism has also been linked 
to the transmission of nerve irapules. Zakim (1970) and 
Vessey and Zakim (1971) postulated that modification of the 
membrane phospholipids alters the stability as well as the 
specific activity of membrane-bound enzymes and have 
proposed that the structure of the membrane normally regu-
lates the activity of membrane-bound enzymes by maintaining 
constraints on the enzymes molecule. In present study, the 
level of phospholipids showed remarkable dose-dependent 
decrement of myelin and plasma membrane fractions of cerebral 
hemisphere, cerebellum, mid brain and spinal cord due to 
nitrogen dioxide exposure. The tendency of depletion of 
phospholipids may be coupled with loss of cholesterol with 
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resultant effects on membrane fluidity, permeability and 
ultrastructure of CNS. 
4.14.4 Cholesterol ~ Phospholipid ratio in isolated myelin 
and plasma membrane: 
Cholesterol-phospolipids are two main constituents of 
the cell membrane in which their role relating to fluidity 
and permeability of the cell membrane is quite important. 
Changes in these lipids in membrane affect the fluidity of 
the cell membrane, which vitally influences the permeabili-
ty, the transport of metabolites and ions and enzymatic 
activity of membranes ( Papaphadjopoluos et al. 1973). 
Previosly (Ref. section 3.4.9) it was observed that nitrogen 
dioxide at 5 and 10 ppm levels has significant effect on 
spinal cord homogenate, both, not on cerebral hemisphere, 
cerebellum, and mid brain in any dose regions of 2.5,5, Or 10 
ppm njtorgen dioxide inhalation. Moreover, in this part of 
study, the C/P ratio also shows no significant changes in 
cerebral hemisphere, cerebellum and mid brain at 5 ppm NO2 
(TLV level) in myelin and plasma membrane. Whereas when the 
concentration of nitrogen dioxide increases to 10 ppm, 
intrestingly significant decrement was observed in cerebral 
hemisphere, cerebellum and mid brain in isolated myelin as 
well as in plasma membrane fractions. Furthermore, the myelin 
and plasma membrane of spinal cord at both the doses (5 and 
10 ppm) showed significant changes in the C/P ratio. There-
fore, it may be suggested, significant changes in C/P ra^ .io 
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in myelin and plasma m.embrane at 10 ppm NO2 are a pointer to 
the posibility of the cell membrane damage, following expo-
sure to 10 ppm nitrogen dioxides. 
4.14.5 Gangliosides in the myelin and plasma membrane: 
The concentration of complex gangliosides in the cell 
membranes of the CNS is suggestive of a functional role in 
the CNS (Rahmann 1983). GMi, as main gangliosides is present 
in myelin and plasma membrane of CNS. It can affect neuro-
transmitter receptors with a modulatory action observed on 
cortical 5-HT receptors (Agnati et al. 1983 a,b). Also, it 
may modulate phosphorylation system (Agnati et al. 1985; 
Bremer et al 1984; 1986; Goldenring et al. 1985; Tsujii et 
al. 1985). Drugs which reduce the lysosomal enzyme activities 
are known to produce lysosomal residual bodies and stimulate 
the level of gangliosides in the nervous tissues (Sandhoff 
and Christomanoue 1979; Klinghardt et al. 1981). Leon et al. 
(1981) concluded that exogeneous incorporation of 
gangliosides can modify the lipid environment of specific 
sites of CNS plasma membranes and regulate the Na"*", K"^  
ATPase activity. 
In the present study, dose-dependent increment in the 
concentration of gangliosides in isolated myelin and pJasma 
membrane fractions of cerebral hemisphere, cerebellum, mid 
brain and spinal cord, following nitrogen dioxide inhalation 
occurred. In the light of present observation, it may be 
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conclude that the increment of yanylioside levels in myelin 
and plasma membrane fractions of different CNS reyions ma/ be 
due to disturbances in the lysosomal enzyme activities. 
Moreover, it may also be due to changes in cholestGroi and 
phosjjholipids concentrations, which may increase' the fluidity 
of hydrocarbons chains of isolated myelin and jjlasma membrane 
fractions, which finally results in disturbances of CNS 
functions. Since ganyliosides play a vital role in the 
synapse function (Hansson et al. 1977) therefore, 
concentration as hiyh as 10 to 49% in the myelin and plasma 
membrane must have some effect on myelin and plasma membrane 
structure in different CNS reyions as well. 
4.15.0 Comparison between chemical analysis before and after 
TLC separation of lipids. 
Chemical analysis of free fatty acids,, triglycerides, 
cholesterol and phospholipids after se^jaration by TLC shows 
decrement in most of the regions as compared to direct 
chemical analysis. This discrepancy may be due to the higher 
accuracy of TLC method. Also, separation of small amount ol 
esterified cholesterol from total cholesterol or mono and 
di-ylycerides from total glyceride may explain decement in 
the levels of these parameters. 
d^tkvmtti 
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